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ORIGINAL ARTICLES 


POISONOUS PROTEINS* 


(Continued from page 643.) 


By Victor C. VAUGHAN, M. D., ANN ArBor, MIcH. 


Part I1.—Vegetable Proteins 


HANKS to the researches of Osborne, a number of vegetable proteins may 

be obtained in a pure state and in quantity. The work done in my lab- 
oratory was upon some of the seed proteins, especially zein from cornmeal 
and edestin from hemp seed, which were prepared by Leach according to the 
methods of Osborne. From these proteins we split off the protein poison by 
the same process employed in the cleavage of the bacterial proteins. The 
poisons obtained from zein and edestin showed no difference either in response 
to chemical tests or in physiological action from those obtained from the cellular 
substance of bacteria. My present purpose in bringing out these facts lies in 
the evidence, which they bear in support of my contention that the protein poison 
is a group in the protein molecule and that it is present in all true proteins. 
So long as my studies were confined to the highly complex bacterial pro- 
teins, 1 was not sure of the correctness of this idea. With edestin we are 
supposed to have an unmixed protein. It is a single compound, of highly 
complex structure it is true, but not a mixture of different molecules. If the 
poison be detached from this by chemical cleavage it must follow that the poison 
consists of a group which exists within the larger body. ‘The importance of this 
will be more evident when [I cali attention to the fact that some years ago Pick 
and Spiro were unable to obtain from edestin the substance which when in- 
jected into animals retards the coagulation of the blood and from this failure 
they concluded that this body is not a true cleavage product of proteins and 
that it is not an intramolecular constituent of pure proteins. In fact they came 
to the conclusion that the coagulation-retarding substance is neither a protein 
nor a protein derivative. The relation between the protein poison and the co- 
agulation-retarding substance will be discussed later. At this point I simply 


*The Herter Lectures for 1916 given in the University and Bellevue Medical School, New York. 
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wish to emphasize my claim that the protein poison is an intramolecular con- 
stituent of proteins and that it is obtained by the chemical cleavage of protein 
molecules. Edestin being a simpler and smaller molecule than bacterial cellular 
substance is the more suitable matrix from which the protein poison may be 
obtained. The yield is larger and the by-products less in variety and abundance. 
Edestin contains no carbohydrate group while bacterial proteins contain two 


and these gave us much trouble in our earlier attempts to isolate the poison. 
\NIMAL PROTEINS, 


We have prepared the protein poison from a great number and variety of 
enimal proteins, such as egg-white, casein, serum albumin, serum globulin, blood 
cells, muscle, brain, liver, kidney, etc. In fact, we have found no true protein 
which does not yield the poison when split up by the method given-—a two per 
cent solution of sodium or potassium hydroxide in absolute alcohol. 

In beginning this work I expected to find the simplest proteins in unicellular 
organisms. As I| have already indicated this expectation has not been realized. 
The proteins of most simple structure I have found in seeds and in the casein of 
milk. Seeds contain the embryo accompanied by simple proteins and varying 
amounts of fat and carbohydrate, also proteolytic, amylolytic and lipolytic fer- 
ments. When the seeds are placed under proper conditions of temperature and 
moisture the ferments begin to act, the storehouses of foods are split into ayail- 
able building blocks and growth begins. In milk the feod supply for the young 
is supplied in similar form. The carbohydrate exists in the form of milk sugar. 
The fat exists as such. The protein, in the form of casein, supplies the amino 
acids and the mineral substances are found mostly in the ash. The ferments are 
furnished by the digestive organs of the young. Digestion is relatively simple 
and easy, absorption proceeds quickly and growth follows. 

Bacteria, although unicellular and simple morphologically, are made up 
chemically of highly complex molecules. There may be unicellular organisms 
composed of simple proteins but this certainly is not true of the bacteria which 
! have studied. In their chemical composition and structure these bacteria are 
quite as complex as the most highly developed cells in the animal body. It fol- 
lows, therefore, that when we speak of bacteria as low and primitive forms of 
life, we should bear in mind that we are speaking as morphologists and not as 
chemists. Many, probably all, of the soluble proteins in man’s body are chem- 
ically of much simpler structure than are those of the bacterial cell. 


THE PROTEOSES. 


Schmidt-Mulheim in trying to discover the fate of peptone in the blood (i: 
heing assumed at that time that peptones are absorbed as such into the blood ) 
found that the intravenous injection of Witte’s peptone, after the removal of the 
undigested proteins from this commercial preparation, caused in dogs striking 
physiological effects. The most notable among these were: (1) an inhibiting 
action on the coagulation of the blood and (2) a rapid and marked reduction in 
hlood pressure. This work done in Ludwig’s laboratory was continued a year 
iater by Fano. Furthermore, it was shown that a second injection of peptone 
made shortly after recovery from the effects of the first had but little effect. 
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From these observations it became customary to speak of “peptone poisoning” 
and “peptone immunity.” Fano did not confine his work to Witte’s peptone, 
but made his own product by the digestion of fibrin with pepsin and trypsin. He 
also used Griiber’s preparation and one from America. Grosjean used propep- 
tone and peptone prepared by the method of Kthne and Chittenden and found 
that the former had a marked effect, especially when employed in doses of more 
than 0.15 g. per kilo. Arthus and Huber employed caseoses prepared by pan- 
creatic digestion. Chittenden, Mendel and McDermott and later Chittenden, 
Mendel and Henderson produced highly poisonous bodies by breaking up pro- 
teins with a vegetable ferment papain, also with superheated steam and dilute 
acid without the aid of any ferment. Moreover, they found that all the primary. 
digestive protein derivatives have more or less marked effect upon blood coagu- 
lation and blood pressure. Pick and Spiro were unable to obtain a poisonous 
derivative from pure proteins, edestin and casein, and concluded that the poison- 
ous agent present in mixed bodies is not a protein at all but an enzyme for which 
they proposed the name peptozyme. According to their view this in the pro- 
enzyme stage is widely distributed in the animal body, since they found the 
poison among the cleavage and digestive products of many organs. It might 
get mixed with the pretein split products in digestion with an animal ferment, 
as pepsin or trypsin, or it exists in the tissue or protein which undergoes diges- 
tion; but take a pure protein like edestin or casein, and split it with acid and 
no poisonous body results. They claim that the poison never results from 
the hydrolysis of proteins with alkali. This is interesting in view of the fact 
that we have found cleavage with dilute alkali the best way of obtaining the 
protein poison. 

Underhill has shown the incorrectness of the claim of Pick and Spiro and 
demonstrated that the proteoses are in and of themselves poisonous, when 
administered intravenously. He prepared the poison from pure proteins by 
cleavage with acids and showed that native proteoses found in seeds and 
nuts, wheat embryo, hemp seed and Brazil nuts, when introduced into animal 
intravenously induce all the symptoms formerly known as those of peptone 
poisoning, 

Popielski has worked with a body which he extracts from commercial pep- 
tone with alcohol. This “vasodilatin,” as he calls it, has the same action that 
was formerly attributed to peptone and notwithstanding its solubility in alcohol 
it gives the protein color tests, at least the biuret and the Millon. 

It must be evident that the behavior of my protein poison both chemically 
and physiologically, closely resembles that of the proteoses. Some proteoses, at 
least, are soluble in alcohol, and as has been said, Popielski extracts his body from 
commercial peptones with alcohol. The protein poison, though soluble in abso- 
jute alcohol, gives the protein reactions and is a biuret body; some proteoses 
behave in a similar manner. Edmunds has shown that the protein poison lowers 
blood pressure in dogs, just as the “peptone poison” does. Edmunds did not 
find that the protein poison inhibits the coagulation of blood, but Underhill has 
recently showed that it has this effect, when used in larger doses than those 
employed by Edmunds. Underhill has recently compared the action of the pro- 
tein poison with that of the proteoses and finds that the resemblance is strong 
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both in the effect upon blood pressure and coagulation, but ‘*Vaughan’s prepara- 
tion differs from the proteoses in that it produces marked symptoms or even 
death in the rabbit in relatively small doses.” The rabbit is mentioned here 
because of its known refractoriness to proteoses. 

It seems to me highly probable that the poisonous group in the proteoses is 
the protein poison and that its more powerful action is due to the fact that it 
has been more effectually stripped of those groups which tend to neutralize its 
effects. It is present in every true protein and when molecular disruption pro- 
ceeds up to a certain point the physiological action is increased, beyond 
that point it is decreased. The protein poison kills dogs, as shown by Underhill, 
in doses in which the proteoses have only a temporary effect, but the symptoms 
are the same. From this I conclude that the poisonous group is the same in both 
instances, but the free poison is more effective than the combined. This belief 
is confirmed by the fact that the free poison is easily split out of the proteoses 
by proper chemical agents. 

THE AUTOLYTIC CLEAVAGE OF PROTEINS. 


All proteins sooner or later undergo autolytic cleavage. When a solution or 
suspension of protein in water or salt solution is protected from bacterial in- 
vasion by chloroform or toluol and kept at about 37° the protein undergoes 
spontaneous cleavage. Salkowski seems to have been the first to investigate this 
phenomenon scientifically. This work has been continued by Biondi, Schwiening, 
Launoy, Jacobi and others. Most of these have given attention to cellular auto- 
iysis, as this is the most interesting phase of the subject, but all proteins, whether 
cellular or without structure, go through a similar process. Fibrin undergoes 
autolysis quite as promptly as liver cells do. It is weli known that in multicel- 
lular animals proteases are generally distributed. At first it was assumed that 
these consist of the alimentary ferments which have been absorbed and dis- 
tributed through the body. However, research has shown that the autolytic fer- 
ments differ from either pepsin or trypsin. In the first place they are possessed 
of a degree of specificity not characteristic of the alimentary enzymes. The fer- 
ment found in each organ or each kind of tissue digests especially, more rapidly 
and completely, the organ or tissue in which it is found. The liver ferment 
readily splits up liver tissue but is less effective in its action on the proteins of 
other organs. In the second place, the products of autolytic cleavage differ from 
those of enteral digestion. Pepsin forms large amounts of primary cleavage 
products, such as proteoses and peptons. These, especially the former, are highly 
poisonous, and would have a most disastrous effect were they liberated parenter- 
ally. The autolytic enzymes produce none or only traces of these primary split 
products. They cleave deeper and their chief products are the relatively harm- 
less amino acids and purin bodies. From tryptic digestion the autolytic enzymes 
differ in several particulars. Trypsin acts in feebly alkaline solution while auto- 
lysis proceeds most rapidly in slightly acid media. It is more than probable that 
the intracellular tissue is always feebly acid. Tryptophan, a product of tryptic 
digestion, is seldom or never found among the autolytic products. In autolytic 
cleavage of proteins much more ammonia is found than in tryptic digestion. 
Furthermore the autolytic enzymes persist in animals from which the pancreas 
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has been removed. We see from these facts that protein tissues disintegrate 
normally in the animal body without the formation of poisonous products. It 
must be admitted that in certain pathological conditions, such as acute yellow 
atrophy of the liver and in phosphorus poisoning, autolysis proceeds with harm- 
ful rapidity and becomes at least a highly destructive process. 

It has been suggested that the autolytic enzymes are constituents of the blood 
and are generally distributed through the body by this fluid. In other words 
it has been held that they are blood ferments. That this is not true is shown 
by the fact that blood and blood serum have an inhibiting effect upon autolytic 
action. Besides, proteins which contain no blood, such as egg-white, undergo 
autolytic cleavage. 

The study of autolytic cleavage is complicated by the presence in many pro- 
teins of other ferments such as nucleases, arginases, etc. What effects the auto- 
lytic enzymes have upon foreign proteins is a question of importance, but one 
which cannot be answered at present. It will be understood that I have been 
speaking so far of the autolytic enzymes of the cellular and other proteins of the 
multicellular animal. When we come to speak of the autolytic cleavage of 
unicellular organisms, such as bacteria, we have quite a different problem. That 
bacteria undergo autolytic cleavage and that the products formed in this process 
may be harmful to multicellular organisms has been abundantly shown. Old 
cultures of colon and typhoid bacilli may contain soluble split products which are 
highly harmful and indeed may be fatally effective in their action on the higher 
animals. Whether pathogenic bacteria undergo autolytic cleavage in the bodies 
of their hosts is a question which, so far as I know, has not been decisively 
determined by experiment. The presumption is that this may and does happen. 

The following experimental data concerning the autolytic cleavage of bac- 
terial proteins may be of interest in this connection : 

Rosenow has shown that pneumococci suspended in salt solution and kept 
at 37° for forty-eight hours, under ether or over chloroform, undergo autolysis 
with the liberation of a poison. This poison injected intravenously or intracard- 
iacly in normal animals induces anaphylactic shock. In guinea-pigs death results 
from bronchial spasm and consequent arrest of respiration. In dogs it causes 
marked fall in blood pressure and delays the coagulation of the blood. 

I took powdered pneumococcus cellular substance which had been prepared 
nearly seven years before. Microscopic examination showed the pneumococci 
as clearly defined and in as perfect form as in a fresh preparation. Five hundred 
milligrams of this powder was suspended in 500 c.c. of salt solution, 10 c.c. of 
chloroform added and kept at 37°. After twenty-four hours 10 c.c. of the opal- 
escent supernatant fluid was administered to a guinea-pig intravenously. Within 
two hours the animal’s temperature fell to 94°, but recovery followed. The same 
experiment repeated after 48 and 72 hours killed the animal within two hours 
with the symptoms of subacute anaphylactic shock. A like injection after six 
cays killed within three minutes with all the symptoms and postmortem findings 
of acute anaphylactic shock. 

It has been shown that the cholera bacillus does not undergo ready auto- 
lytic cleavage in vitro, but there is reason for suspecting that this happens in 
the intestine of infected men, since after death the bacillus is found only in the 
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intestinal canal, in some instances at least, all the internal organs being sterile. 

Warden finds that the gonococcus early undergoes autolysis and that the 
autolysates are fatal to guinea-pigs. He believes that the autolysis of this organ- 
ism is not due to enzyme, but results from a disruption caused by the absorption 
of water by the cells. 


PARENTERAL PROTEIN DIGESTION. 


We now distinguish between enteral and parenteral digestion. We take 
Civerse proteins into our alimentary canals and through the activity of the enteral 
digestive ferments they are split into amino acids which are utilized by the body 
cells in growth and in function, This is the normal way in which the body cells 
of the higher animals are fed, for the most part at least. Under normal con- 
ditions the amount of protein reaching the blood and lymph undigested is small 
and negligible in effect. Minute bits of unbroken protein may find their way 
into the circulation through the respiratory and digestive tracts. These, enter- 
ing through the respiratory organs, may cause local sensitization which manifests 
itself in the complex of symptoms usually designated as hay— rose— or horse- 
fever and asthma. Those passing in undigested forms through the walls of the 
alimentary canal may lead to the untoward effects of certain articles of diet and 
possibly may exert a more serious action on some of the more distant organs, 
especially the kidneys. 

During fetal life all the food enters the body parenterally and there is no 
cnteral digestion. There are reasons for suspecting that during infancy the 
chief milk protein, casein, may be absorbed in part in an unbroken state. At 
least in a few instances unchanged casein has been detected by the biological test 
in the blood of infants suffering from summer diarrhea. 

In my opinion there are reasons for believing that in some animals a certain 
part, or certain kinds, of protein food are absorbed unbroken and are digested 
parenterally. Rabbits are easily sensitized, notably by casein fed by the mouth 
or administered by the rectum. I have detected the protein in the heart's blood 
by the biological test after such feedings. While there is a promising field for 
research along these lines, it is safe to say that in man in health, the amount of 
unbroken, foreign protein reaching the circulation is small. Protein in appreci- 
able quantities reaches the blood only when injected, as in the employment of sera 
and vaccines or through infection. In the latter instance the protein multiplies 
in the body. 

It is evident that one or more of the following effects may result from the 
jarenteral introduction of a foreign protein: (1) It may be eliminated through 
the kidneys. (2) It may be passed into the alimentary canal and there digested. 
(3) It may be digested parenterally. All these dispositions may be employed 
in the disposal of the foreign protein. 

The literature concerning the renal elimination of foreign proteins is volu- 
minous, but often contradictory. The occurrence and extent of this form of dis- 
posal vary with the kind of protein, the quantity, the rapidity of introduction, the 
species and individuality of the animal and probably upon many unknown con- 
ditions. It was formerly supposed that all the protein passing through the kid- 
neys after parenteral introduction consists of that introduced. It has been 
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definitely shown that this is not true and the estimates found in the older litera- 
ture showing the per cent eliminated by the kidney are without value. Some 
years ago it was shown in my laboratory that in the urine of rabbits after the 
parenteral introduction of egg-white, both egg-white and blood protein appear. 
Guinea-pigs were sensitized to both with the urine. This gives no indication of 
the proportion in which they were present. It has been shown by Chiray and 
confirmed in my laboratory that foreign protein injected into the blood soon 
disappears from the circulating fluid and carries with it an appreciable amount 
of the proteins of the blood. So far as 1 know Chiray is the only one who has 
inade frequent observations of the effects of the parenteral administration of pro- 
teins in man. He frequently induced albuminuria in this way, especially in those 
who already showed renal inefficiency. In rabbits he induced marked structural 
changes in the kidneys by repeated injections. 

In my work on the parenteral introduction of proteins, I have carefully 
controlled the rate of injection and have found that the foreign protein is more , 
likely to appear in the urine when the rate of injection is high. When the protein 
is slowly introduced, | have been surprised at the large amount that can be in- 
troduced into the abdominal cavity or into an ear vein without any detectable 
trace appearing in the urine. 

When heterologous proteins are injected into the blood they soon find their 
way into the intestinal lumen. They are poured in with the bile and they pass 
into the abdominal cavity and through the intestinal walls. With the biological 
test we have detected proteins injected into the ear veins of rabbits in the liver, 
abdominal cavity and lumen of the intestines. It seems to be a general phys- 
iological law that poisons introduced into the blood are eliminated in part at least 
into the alimentary canal. Morphine given subcutaneously may be detected in 
washings from the stomach. Gastric erosion may be induced by the subcutaneous 
Gr intravenous administration of arsenical preparations. So long ago as 1754 
Sproegel showed that gastric lesions may be due to arsenic absorbed from 
\wounds, and since that time they have been induced ia animals by the hypodermic 
administration of neutral solutions of arsenic. Similar lesions are seen in poison- 
ing with antimony and other metals and may result in these instances also from 
application made to wounds and to raw surfaces. Mercury when employed by 
inunction is poured into the alimentary canal and its destructive action may be 
seen in almost any part from the mouth to the rectum. Erosions of the stomach 
and intestine may be extensive and deep, even to perforation. The fact that 
gastric and duodenal ulcers may follow severe burns of the skin has been long 
known and is best explained by supposing them due to the large amount of 
poison resulting from the burn, being brought to the walls of the alimentary 
canal. The gastric inflammations and erosions of the acute infectious diseases are 
doubtlessly due to the same cause. The smallpox virus has a predilection for 
cpithelial tissues and manifests its destructive action in the skin and in mucous 
membranes. It has long been known that peptic ulcer is frequently associated 
with chronic appendicitis and the recent brilliant work of Rosenow has called 
attention to the probable relation between peptic ulcer and pyorrhea. In case 
of a nidus of infection in any part of the body poisonous proteins are being 
poured into the circulation and these like other poisons are carried to the walls 
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of the intestine for the evident purpose of elimination. Here they accumulate 
and in their reaction with the body cells, the latter are more or less injured. 
‘he elimination of proteins from the blood into the alimentary canal holds for 
woth living and dead, formed and unformed proteins. ‘This is an interesting 
phase in the study of the action of poisonous proteins and is worthy of further 
study. 

It has been long known that blood serum, like living cells, is highly resistant 
to proteolytic enzymes. Furthermore the presence of blood serum markedly 
retards both peptic and pancreatic digestion. It has been generally inferred from 
these facts that blood serum contains an antiproteolytic ferment and since the 
reaction is alkaline, this is generally designated as antitrypsin. So far as I know, 
Camus and Gley were the first to show experimentally that blood serum inhibits 
peptic and tryptic action. These investigators observed that fibrin or coagulated 
egg-white placed in serum and treated with active pepsin or trypsin remains in- 
tact. More extended observations have shown that many, if not all, kinds of 
proteolytic digestion, are retarded, often wholly arrested, by the presence of 
dlood serum, There is another interesting fact in this connection. The injec- 
tion of proteolytic ferments into an animal, especially repeated injections, in- 
crease the potency of the blood-serum in the inhibition of the action of that fer- 
ment. Antibodies are formed and accumulate in the blood after repeated injec- 
tions of pepsin, trypsin, rennin, etc. The effect of such injections is simliar, 
probably closely related, to that which follows injections of toxins. But little is 
known concerning these antibodies in case of either the ferments or the toxins. 

Delezenne and Pozerski first showed that chloroform removes from blood 
serum the antiproteolytic body. They found that blood serum has no digestive 
action on gelatin under ordinary conditions, but that blood serum which has 
been extracted with chloroform promptly digests gelatin. The researches of 
Jobling and others have confirmed and amplified this work and it has been 
shown that when the unsaturated fatty acids are removed from bloom serum 
by extraction with chloroform or ether, it becomes highly poisonous even for the 
species from which it was derived. Whether Jobling is right in his contention 
that the fatty acids constitute the antibody is still to be determined. It is possible 
that the extraction of blood serum with chloroform may have some effect upon 
the equilibrium in its protein constituents. 

Friedberger found that the blood serum of the guinea-pig when incubated 
with bacterial cell substance becomes poisonous. He explained this on ihe as- 
sumption that the proteases of the serum digest the bacterial cells with the forma- 
tion of a poison which he calls anaphylatoxin. Later it was shown that the 
guinea-pigs serum when incubated with agar or starch becomes poisonous. 
From these findings it was suspected that bacillary substance, agar and starch, 
act upon guinea-pigs by absorption of the antibodies. In this way the proteases 
in the serum are relieved of the presence of their antibodies and digest the pro- 
teins in the serum. In other words, the matrix of the poison consists of the pro- 
teins in the serum and not of the bacillary cell substance. 

Abderhalden found that when placental tissue is digested with the serum 
cf pregnant women diffusible digestive products are formed and may be detected 
in the diffusate by the biuret and ninhydrin tests. He explained this by sup- 
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posing that placental tissue in small amount finds its way into the maternal blood, 
and that this fluid acquires the property of digesting placental proteins. Abder- 
halden believes this to be a specific reaction and has proposed it as a diagnostic 
test for pregnancy. This test has been studied by many and while its signifi- 
cance cannot be considered as finally settled the weight of evidence seems to be 
that Abderhalden’s explanation is not correct. It seems from the evidence now 
at hand that the placental tissue absorbs the antiferments and the unopposed 
protease of the serum digests the protein constituents of this fluid. 

The weight of evidence today discards the idea of specific proteases in blood 
serum and favors the idea that certain antibodies exist in the serum and when 
ihese are reduced in amount, the non-specific protease of the blood serum acts 
upon its own protein constituents. It must be admitted that this view is more 
in accordance with some of the facts than the one which holds that specific 
proteases are existent in the blood or may be brought into existence. However, 
it should be stated that the present view does not exclude the necessity of re- 
garding protein digestion in the blood as, in some instances at least, specific. 
Take the production of anaphylactic shock as an example. The theory proposed 
by Wheeler and me in 1907 supposes that when a given protein is first injected 
parenterally into an animal, it slowly develops a specific protease. This is a 
cellular product. Certain cells stimulated by contact and by penetration with 
the foreign protein develop a new, specific protease which is capable of digest- 
ing that protein and no other. The protein of the first injection is disposed of 
by this new specific ferment, but is broken up so slowly that no harm comes to 
the animal, or at least no recognizable danger, from the cleavage products. The 
cells continue in the possession of the newly acquired function. This may per- 
sist for years and indeed throughout life. The animal is said to be sensitized. 
On reinjection of the same protein the body cells, having acquired the function 
of digesting it, do so with such violence that the digestive products endanger the 
life of the animal or at least develop physiological disturbances which are easily 
recognizable. We have offered this in explanation of the success of vaccination. 
The vaccine virus is introduced into the child’s arm. The proteins of which the 
virus is composed are distributed in the body and sensitize certain cells. This 
means that the cells develop a ferment which destroys the vaccine virus and the 
new function developed in these cells by their first experience with the smallpox 
protein in its attenuated form continues in the possession of the cells for years. 
When the vaccinated person is exposed to smallpox the virus of the disease is 
destroyed before it has time to multiply and consequently the individual is pro- 
tected from the disease. Please understand that I am not ready to give up the 
theory of the formation of specific proteases. I see no other explanation of the 
immunity conferred by vaccination or by one attack of the disease. However, in 
presenting this matter I wish to proceed without being influenced by preconceived 
ideas, and I wish to repeat that the idea of a non-specific protein digestion in 
anaphylactic shock especially has much in its favor, both in fact and in theory. 
The poison developed in anaphylactic shock may not come from the protein of 
the reinjection and the protease developed in sensitization may not be specific. 
Anaphylactic shock may be due wholly to the unmasking of a non-specific fer- 
ment and the poison formed may come from the proteins of the blood, but if all 
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this be true, and the weight of evidence today is in this direction, the anaphylactic 


reaction remains specific. We have only transferred the problem of specificity 
from the development of a specific enzyme to the specific uncovering of a non- 
specific enzyme. It remains true that an animal sensitized to one protein is not 
-ensitized to other and unlike proteins. 

I have said that the theory of the uncovering of a general protease in 
anaphylactic shock has much in its favor. ‘The blood seems to be a fluid in which 
ferments and antiferments are nicely and delicately balanced and a slight dis- 
turbance in this equilibrium leads to marked effect. We have obtained from one 
vram of casein enough of the protein poison to kill 800 guinea-pigs when in- 
jected intravenously. That casein, the chief protein constituent of the food of 
all mammalian young, should be found to contain a body so highly poisonous 
when introduced intravenously is certainly a surprising thing. However, the 
surprise does not disappear when we go further and find that a similar poison 
may be obtained not only from all the proteins we eat but also from those that 
make up the tissue of our own bodies. Indeed, every gram of protein in an 
animal's body may supply enough poison to kill many such animals. There are 
ether interesting things about this protein poison besides its potency. When 
amounts of it, even smaller than the minimum lethal dose, are incubated with 
bleod serum in vitro, the serum, in itself inert, becomes fatally poisonous, In 
these studies a curious phenomenon has been observed. The incubating serum 
containing the poison may be fatally active at the expiration of a given time, 
then later wholly without effect, and later still fatally active. This wave of 
appearing, disappearing, reappearing toxicity we have frequently observed. For 
it | have not even the shadow of an explanation. It may turn out after all that 
ferments and antiferments are not concerned in these phenomena. I have tried 
to think of oscillations induced in a colloidal fluid like the blood serum by the 
presence of the protein poison, but | have not been able to fix such a concept. 

As was first shown by Friedberger bacterial cellular substance incubated 
with blood serum in vitro renders the serum poisonous. In repeating these ex- 
periments and injecting the serum at intervals, at one time it kills with all the 
violence of anaphylactic shock, then it has no effect, then again it kills. I have 
tried to time this wave of toxicity, but adjust every condition to the best of my 
ability, | have been unable to chart it. It is to be hoped that some wiser man 
with more perfect control of the conditions of his experiments will solve this 
question. I am willing to leave it to those braver than I to try on human beings 
such poisonous mixtures of bacterial proteins as phylacogen. 

| have stated that I am not yet ready to give up the idea that the parenteral 
introduction of foreign proteins produces specific alterations in the blood. — | 
cannot do so so long as I have the evidence supplied by the specificity of aggiu 
tination and precipitin reactions. \We may have no proof that these are due to 
the development of specific proteases, but whatever their action it is within cer- 
tain limits specific. Some years ago with my assistants I published the results 
of work which I interpreted as demonstrating the claboration of specific pro- 
teases in sensitized animals. The results were all so clean cut and uniform that 
they were convincing to me at least. I will give a brief abstract: (1) One mg. 
ef egg-white incubated at 37° , for thirty minutes in 5c.c. of the serum or organ 
extract of unsensitized guinea-pigs is without effect when injected into the heart 
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of another unsensitized guinea-pig. (2) Like results followed when the incuba- 
tion was made with fluids obtained from an animal sensitized three days pre- 
viously with egg-white. (3) When the fluids were obtained from animals sensi- 
tized fourteen days previously to egg-white anaphylactic shock followed in ali. 
(4+) With the conditions as in (3) except that the incubation was prolonged to 
ninety minutes the effects were less marked. (5) With the conditions the same 
zs in (3) except that the incubation was done in a cold room the effects were 
(6) When the fluids were obtained from an animal seventeen days after 
(7) Filtration of the fluids through 
Filtration of the serum and 


nil. 
-ensitization anaphylactic shock resulted. 
uard fiber paper did not affect the results. (8) 
organ extract through a Berkefeld V did not affect the results. (9) Filtration 
<fter incubation did not affect the results. (10) When the serum and organ ex- 
tracts were heated to 56° for thirty minutes there were no effects. (11) When 
the heated serum and organ extract were activated by the addition of unheated 
serum and extracts the effects were positive. (12) When the serum and organ 
extracts of a guinea-pig sensitized to egg-white were incubated with horse serum 
there were no effects. (13) The serum and organ extracts of guinea-pigs sensi- 
tized to horse serum elaborated a poison when incubated with horse serum. 
(14) The serum and organ extracts of guinea-pigs sensitized to typhoid bacilli 
gave a poison when incubated with typhoid bacilli, (15) Like results were ob- 
tained with the cholera bacillus. (16) In case of egg-white the serum ceases to 
be active in about forty days after sensitization. (17) When the amount of por- 
‘ein incubated with the serum and organ extracts was larger than 1 mg. per 
5 c.c. the results were less certain. 

If there was not more luck than science in these experiments they clearly 
show specificity. I now know that there would be a chance of getting some 
positive results with a non-specific serum, but it seems impossible for these 
results to have been so uniform on any other ground than that of specificity. 
besides, they compare with the results obtained by Pfeiffer who found that the 
cera of guinea-pigs digested, for about forty days after sensitization, the protein 
to which the animal had been sensitized. 

Abderhalden and his students in numerous experiments have shown by the 
polariscope that the blood serum of a sensitized animal has a more marked 
digestive action on the specific anaphylactogen than has the serum of a non- 
sensitized animal. Similar results have been obtained by dialysis methods by 
Pfeiffer and Mita, by Pfeiffer and Jarisch and by Zunz and Gyérgy. The last 
mentioned have apparently shown a marked increase in amino-acids during 
anaphylactic shock. This controverts the finding of Auer and Van Slyke. 

I have repeatedly found, as others have, that the blood serum shows sensi- 
tization for relatively a short time, while the animal remains in a sensitized con- 
dition much longer. This observation has convinced me that protein sensitization 
is accompanied by and is due, in some instances at least, to a profound and last- 
ing impression made on the cells of the body. Indeed, there can be no doubt 
that protein sensitization is cellular. Pearce and Ejisenbrey bled a sensitized 
<iog into a fresh one and at the same time replaced the blood taken from the sen- 
sitized one by that of a second fresh one. The sensitized dog from which all its 
blood had been removed responded with anaphylactic shock on reinjection, while 


the dog now carrying all the blood of the sensitized one did not. 
(To be continued.) 


| 
| 
\3 
i 
a 
A 
| 
j 
a 
: 


THE PERIPHERAL ACTION OF OPIUM ALKALOIDS WITH SPECIAL 
REFERENCE TO THE BLADDER* 


By D. E. Jackson, Pu.D., M.D., St. Louts. 


- an article’ published in 1914 I have shown that a considerable number of 

the alkaloids of opium when injected intravenously in large doses into spinal 
dogs cause a profound and exceedingly persistent broncho-constriction. In the 
present article I wish to discuss a series of results which I have recently obtained 
in dogs on another organ, viz., the bladder. 

There are two series of opium alkaloids, the first including morphine (and 
its derivatives, such as dionine, heroine, peronine), codeine, thebaine, ete., and 
the second including narcotine, papaverine, narceine, laudanine, and a consider- 
able number of others. The members of the first group are derived from 
phenanthrene (C,,H,,), while those of the second group are derivatives of 
isoquinoline. Altogether there are some twenty-five separate alkaloids present 
in crude opium. 

In the present experiments I have dealt mainly with alkaloids of the first 
group (phenanthrene), but by comparing the present results with those formerly 
obtained I have been able to draw certain inferences regarding the action of the 
second group. 

METHODS. 

Generally spinal dogs have been used in these experiments, but in some 
cases animals with the central nervous system entirely intact have been used as 
controls. The animals were always etherized and arranged for blood-pressure, 
bladder and (usually) lung tracings. To secure the bladder tracings an incision 
was made in the abdomen over the bladder which was drawn up a little and an 
opening was made in the fundus. Into this opening a small tube was tied, the 
upper end of the tube being connected by a short piece of rubber tubing to the 
lower end of the opening of a glass mercury bulb (250 c.c.).. A perforated cork, 
through which passed a glass tube, was placed in the neck of the mercury bulb. 
The glass tube was connected by rubber tubing to a large bowled recording 
tambour which wrote on a smoked drum. If on opening the abdomen the bladder 
was found to be distended, care was used to avoid its being emptied while the 
recording apparatus was being attached. A bladder which is thus allowed to 
become emptied out during manipulations sometimes passes into a state of con- 
traction which is difficult to overcome. Urination was prevented by clamping 
the penis or vulva with a hemostat. When all adjustments for recording were 
made then the mercury bulb was partly filled with warm sait solution and the 
cork was inserted. The record was thus obtained by both liquid and air trans- 
mission. The abdomen was carefully closed with hemostats and arrangements 
were made for recording the lung changes. 

The lung records were usually made by means of a special piece of appa- 
ratus which I described? in detail some years ago, and which when fitted into the 


*From the department of pharmacology of Washington University Medical School, St. Louis, Mo. 


4 


Peripheral Action of Opium Alkaloids 863 


thorax through a median incision in the sternum holds the chest wall rigidly 
distended and practically air tight. Respiration is then carried on by intermit- 
tently aspirating air out of the chest cavity. A small adjustable by-pass permits 
more air to enter the chest between aspirations. But when the air is thus forci- 
bly sucked out of the chest air will enter the lungs through the trachea and thus 
inspiration occurs. In the intervals between aspirations the lungs collapse from 
their own elasticity and thus expiration is effected. A large bowled recording 
tambour is attached to the side tube of the tracheal cannula. This gives a measure 
of the amount of air entering (down stroke) the lungs in inspiration or leaving 
(up stroke) in expiration. Contraction of the bronchioles decreases the amount 
of air passing into and out of the lungs and thus the amplitude of the record 
on the drum is decreased. Dilation of the bronchioles increases the amplitude 
(height) of the tracing. 

Blood pressure was recorded with a mercury manometer from the right 
carotid artery. Usually the brain and cord down to the thoracic region was de- 
stroyed in pithing and in a few instances for a special purpose the cord was 
destroyed throughout its entire length. Injections were made through the 
femorals or external jugular veins. 

In a few preliminary class experiments I discovered that certain members 
of the series of opium alkaloids might produce marked contraction of the blad- 
der. I have therefore in these experiments extended these early observations 
and attempted to get some insight into the extent and origin of these reactions. 

The literature on opium extends back to the time of Theophrastus, 
Scribonius Largus and Dioscorides and is so exceedingly extensive that one can 
scarcely hope to see more than a relatively small number of the published 
articles. There are numerous references to the marked increase of intestinal 
peristalsis* which morphine, etc., may produce in some animals such as the dog. 
In man constipation is the rule. I have not, however, found any significant 
references bearing on the observations which I have made in the present experi- 
ments. In some excellent papers published in 1915, Lieb and McWhorter,* 
lsarbour and Copenhaver,® and Barbour® alone have discussed the action of 
morphine on the gall bladder (excised), and on the uterus (excised and in 
situ). These observers all noted that under some conditions morphine might 
produce either a feeble contraction or a slight increase in tonus of gall bladder 
and of uterine muscle. In some experiments, however, relaxation or a decrease 
of tone was seen, 

Fig. 1 shows the result of injecting 25 milligrams of morphine into a 6.5 
kilo dog. The bronchioles contract vigorously and the bladder contracts (up 
stroke) to a less degree. This is a relative matter, however, and the extent of 
contraction of the bladder varies with different animals and with the condition 
(amount of distension) present when the drug is injected. While morphine 
here causes only a small contraction of the bladder, in other experiments ex- 
tensive contraction may be seen. This holds good for all of the phenanthrene 
derivatives which I have examined. Injection of 1/2 c.c. of adrenaline 
(1-10,000) causes a dilation of the bronchioles but produces scarcely any change 
in the bladder. In this experiment the bladder was probably almost empty at 
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the time of injection of the morphine, and in a rather strong tonus. ‘This dog 
had been etherized and pithed, but had not received any other medication. 

Fig. 2 was obtained by injecting 25 milligrams of codeine through the 
femoral vein. Both bladder and bronchioles contract vigorously and synchro- 
nously. Evidently these contractions are strictly analogous and the rate and 
period of relaxation in general correspond fairly closely, sometimes one and 


sometimes the other gaining the upper hand. Injection of “epinine” (1 2 c.c.. 


2 c¢.c.) causes only a slight change (dilatation) in the lungs and prob- 


2 
ably has but little effect on the bladder. The blood pressure does not rise 


much, chiefly because of the asphyxia from the broncho-constriction. 


Fig. 1.—For description, see text. 


Fig. 3 shows the action of 30 milligrams of thebaine on an 18 kilo dog. 
The bladder contraction is very marked and injection of adrenaline (1 c¢.c. of 
1-10,000) causes dilation of the bronchioles, but in the case of the bladder a 
second contraction is produced. ‘his action of adrenaline is variable, the rec- 
ord sometimes showing a contraction and at others a dilation of the bladder. 
Apparently this depends partly on the condition and amount of distension 


present in the organ when the adrenaline is injected. If the bladder is almost 


empty and in tonus, then a slight dilation is usually but not always produced, 
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while if the organ is distended, then adrenaline as a rule wil cause some con- 
traction. But the results, while sometimes rather striking, are very variable. 
This perhaps depends on the innervation of the organ partly, but probably 
slight disturbances in the bladder circulation, and the amount of any previously 


Fig. 2. 

injected drug which may still remain in the tissues of the bladder, have some- 
thing to do with it. The action of the adrenaline here should be compared 
with that shown in Fig. 4, in which 25 milligrams of heroine were injected into 
an (different animal) 18 kilo dog. This caused a marked bladder (and bron- 
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Fig. 3. 
chiole) contraction. Three injections of adrenaline are shown following this. 
In each case these apparently caused some dilation of the bladder (the first 


dilation being shown at the top of the initial contraction curve). 
A new point may now be taken up. In Fig. 4 it will be seen that the first 
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Fig. 4. 


injection (5 c.c. = 25 mg.) of heroine caused a marked contraction of both 
bladder and bronchioles. This was followed by three injections (1 c.c. each) 
of adrenaline. Following the dilatation of each of these, further injections of 
heroine were given. Fig. 5 shows the results of the second, third and fourth of 
these injections. In these injections 7 c.c. (35 mg.), 10 c.c. (50 mg.) and 5 c.c. 
(25 mg.) of heroine were given. The 7 c.c. injection being considerably larger 
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than the initial 5 c.c. dose we would expect to get a correspondingly larger 
bladder and bronchiole contraction. And this result might be expected to be 
even more marked with the 10 ¢.c. injection. On the contrary these very large 
doses produce practically no effect whatever on the bladder and only a very 
moderate slow contraction of the bronchioles. The effect on the heart (blood 
pressure) is also correspondingly very much less than that produced by the 


Fig. 5.—Made directly after Fig. 4. 


initial smaller dose. These results appear to be perfectly constant for all of the 
phenanthrene derivatives and possibly for a few of the other series, especially 
narcotine. It is also found that this failure of the bronchioles and bladder to 
respond well to a second injection of the drug holds good in the case of the 
bronchioles for any other member of the opium alkaloids, i.e., in the case here 
given in which the first contraction was due to heroine, then a second injection 
of morphine, or thebaine, or peronine, ete., will not cause a second contrac- 
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tion, provided the initial contraction was maximal. If the first contraction was 
small (dose submaximal) then the injection of a second much larger dose may 


Fig. 6.—Made directly after Fig. 5. 


give a small contraction. But even in this case a third injection of any sized 
dose very generally gives no contraction of either bladder or bronchioles. I 
observed this point long ago and mentioned it in the previous paper on the 
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bronchioles. I was not so much impressed with its significance then as I have 
become since. One might suppose that this was due to a complete depression or 
paralysis of the bladder. I have not been able by pharmacological means, how- 
ever, to detect any other change whatever in the bladder. For Fig. 5 shows not 
only three injections of heroine (110 mgs.), which had practically no effect in 


Fig. 7. 


comparison with the first dose, but it shows also a contraction from adrenaline 
which might very well have been produced had no drugs been previously in- 
jected. As a further check on the condition of the bladder in this experiment 
Fig. 6 (made directly after Fig. 5) shows the result produced by injecting 
1 2 c.c. of lobeline solution. A profound contraction of the bladder is produced 
just as soon as the drug is carried to the organ. (The circulation is somewhat 
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slow tor the blood pressure is low.) This shows that not only the muscula- 
ture, but even the innervation of the bladder was practically normal so far as 
one can tell from the lobeline reaction. A second injection of 1/2 c.c. of 
lobeline produces no results at all, showing that complete ganglionic paralysis 


followed the stimulation produced by the first dose of the drug. I should em- 


Fig. 8.—Made directly after Fig. 7. 


phasize in passing that not only the brain but also the entire spinal cord was 
destroyed in this animal. 

The question naturally arises as to where these drugs act. Since in Fig. 6 
a marked contraction of both bladder and bronchioles was obtained in a dog 
with the entire central nervous system destroyed, one must next proceed to ex- 
amine the peripheral structures. Fig. 7 shows the results obtained in an experi- 
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ment in which in a pithed dog 1 2 ¢.c. of lobeline was first injected. This gave 
a marked reaction both of the bladder and of the blood pressure. As soon as 
both of these returned to normal another 1 2 ¢.c. of lobeline was injected. This 
produced no effect whatever, showing that the ganglia on the sympathetic 
(autonomic) nerves were all paralyzed. Following this © e.c. (30 mg.) of 
codeine hydrochlorate were injected. A prompt contraction of the bladder and 
a small shrinkage in the air volume followed. Shortly after this 2 c.c. of 
“epinine” were given. This caused a rise in blood-pressure and a faint contrac- 
tion of the bladder. A little later 12 ¢.c. (twice the former dose) of codeine 
were given and a small contraction of both bladder and bronchioles was pro- 
duced. In this case the initial contraction from codeine was not maximal. Con- 
sequently, a second (double) dose gave about one-half as marked an effect on 
the bladder. (The lungs were contracted more than one would expect, but the 
initial contraction of these was small.) This was followed by injections of 
“epinine” to dilate the bronchioles. Directly after Fig. 7 was produced a large 
dose (20 c.c.) of codeine was given (Fig. 8) and no effect whatever was ob- 
tained on either bladder or bronchioles. Evidently the first two injections 
caused a complete loss of sensibility of both bladder and bronchioles to codeine. 
(ne would suspect this might be due to a depression or paralysis of the motor 
nerve (sacral autonomic) endings in the bladder or of those in the bronchial 
muscles, If codeine should first stimulate and then paralyze these endings, the 
above records might very well be explained. This action, however, does not 
occur, for in Fig. 8, directly after the 20 c.c. of codeine, 15 milligrams of 
muscarine were injected and a prompt contraction of both bladder and bron- 
chioles followed. Muscarine stimulates the endings of the constrictor nerves 
in the bladder and bronchioles and hence these could not have been paralyzed 
by the codeine. Death resulted from asphyxia due to contraction of the bron- 
chioles, for the 3 c.c. of “epinine” given were not sufficient to cause a bron- 
chiole dilation. The animal could easily have been saved by forcibly dilating the 
bronchioles (by increasing the force of aspiration from the chest). 

Another item of some interest should be noted in Figs. 7 and 8. In the 
first of these 6 c.c. of codeine produced a considerable fall in blood pressure 
and probably some slowing of the heart. After this effect had mainly passed 
off, however, the 20 c.c. given in Fig. 8 caused only a slight rise from the in- 
crease of intravascular volume of fluid and practically no fall in pressure at all. 
Thus the vascular system as well as the bladder and bronchioles has lost its 
sensitivity to the codeine. This is a regular occurrence although it is not so 
striking as is the loss of action on the bladder or bronchioles. 

In Fig. 9 is shown a tracing obtained from a spinal dog which had _ re- 
ceived in small repeated doses intravenously 25 c¢.c. of a saturated solution of 
curare (Kahlbaum’s). Here injection of 5 ¢.c. (25 mg.) of heroine caused 
only a small contraction of the bladder and no effect at all on the lungs. The 
hlood pressure, however, fell about as usual. Following this 1/4 ¢.c. of ad- 
renaline (1-10,000) was given. The effect of this can be seen on both the blad- 
der and the blood-pressure. A little later 1/2 ¢.c. (1/2 mg.) of arecoline was 
injected and caused a fairly marked contraction of both bladder and bronchi- 
oles (by stimulating the constrictor nerve endings in these organs). The pur- 
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pose of this injection was to control the conditions of the experiment and of the 
animal, i.e., to determine if the apparatus and tissues are all responding in a 
normal manner. A later injection of 1/2 ¢.c. of adrenaline was given to re- 


store the animal. 


From this experiment one would be inclined to suspect that curare has 


some counteracting influence to the action of the heroine. While the contrac- 


Fig. 9. 


tion is not large, it still is present, however, and the curare has certainly not 
completely paralyzed the structures on which the heroine acts. 

Fig. 10 shows a modification of this experiment in which a pithed curar- 
ized dog in which a complete ganglionic paralysis had been produced by lobeline, 
received an injection of 5 c.c. (25 mg.) of heroine. A fairly marked contrac- 
tion of both bladder and bronchioles is produced. A later injection of 1/2 c.c. 
of adrenaline dilated the bronchioles but contracted the bladder, This dog had 
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received intravenously 18% c.c. of curare solution in small repeated doses. 
While curare cannot prevent heroine from causing a contraction of the bladder, 
still my impression is that the curare in large doses may very materially reduce 
the effects of heroine. I believe this will hold for other drugs of the series also, 


but I have not tried these out. 


Fig. 10. 


Fig. 11 shows in a spinal dog, which had received 3 milligrams of atropine, 
the effect of injecting 1/4 c.c. of lobeline solution. A marked contraction of the 
bladder and arterioles (rise in blood-pressure) followed. A second injection 
of 1/4 c.c. of lobeline produces about half as much effect and is followed by 
ganglionic paralysis as is shown by a later injection of 1/4 c.c. of lobeline, 
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which produces no effect at all on the bladder and circulation. Following this, 
5 c.c. (25 mg.) of heroine were injected and a prompt contraction of both blad- 


Fig. 11. 


der and bronchioles followed. ‘This shows that lobeline and atropine (3 mg.) 
were not sufficient to prevent the action of the heroine. A later injection of 
“epinine” was given to revive the animal (by dilating the bronchioles). 
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Fig. 12. 


Fig. 12 was obtained from a 9 kilo dog after 10 milligrams of atropine (in 
small repeated doses) had been administered intravenously. A well marked 
contraction of the bladder occurs when 6 c.c. (30 mg.) of heroine is injected. 
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This animal was not pithed and was under the influence of ether. This un- 
doubtedly indicates that these opium alkaloids act directly on the muscle fibers 
of the bladder. A little later 3/4 ¢.c. of adrenaline was injected which caused 
only a slightly increased rate of relaxation of the bladder. The respiration 


ceased and at the point indicated artificial respiration was begun. A second 
injection of 8 c.c. of heroine gave a small bladder contraction which persisted 
throughout the rest of the tracing. After some time 12 c.c. of heroine (twice 
the initial dose) were injected. This brought on a few moderate strychnine- 


like convulsions but caused no contraction of the bladder. The two small 
rises in the bladder record were caused by these convulsions. ‘They were 
carefully observed in order to be certain that the bladder records as obtained 


in the whole series of experiments were not due to compression of the blad- 


der from contraction of the abdominal muscles. There is no resemblance be- 


tween the convulsion records and those obtained when no convulsive tremors 


whatever were produced as is very generally the case especially with the first 
injection. ‘The curare experiment and those with both brain and cord de- 


stroyed also further rule out any confusion between the records obtained and 


those which might be produced by convulsions. 


SUM MARY. 


The experiments herein described prove that those opium alkaloids which 
belong to the phenanthrene series, ie., morphine, codeine, thebaine, heroine, 


dionine, peronine, ete., in large intravenous doses cause in dogs a profound 
contraction of the bladder. I have previously shown that a similar contraction 


of the bronchioles is produced by these drugs. Probably a few of the 
: 


isoquinoline opium alkaloids, including narcotine, may also cause a similar ac- 
tion. | have failed in a few experiments to obtain this contraction with some 
other ones of these alkaloids notably papaverine, cryptopine and cotarnine. 


Apparently the contractions of the bladder and of the bronchioles pro- 
duced by these drugs are strictly analogous and in all probability of identicai 


origin. The contractions in both organs occur simultaneously, are usually of 


approximately the same proportions, last for corresponding periods of time, 


and when the initial contraction is maximal then later injections of any sized 


doses of either the initial drug or of any other of the series will not produce 


any further contraction whatever of either bladder or bronchioles. 


If the initial contraction was not maximal then much larger doses of the 


initial drug or of another of the (phenanthrene) series may, in much larger 


dose, cause a second contraction, but even by proceeding by degrees in this 


manner, a third contraction is almost never obtained. When the bladder and 


bronchioles have thus lost their susceptibility to the action of these opium de- 
rivatives they are still found to possess practically normal sensitivity to all 


drugs which usually act on them including lobeline, nicotine, pilocarpine, 


arecoline, muscarine, atropine, barium, vanadium, adrenaline, ete. Previous 


destruction of the brain and spinal cord or injection of lobeline or atropine or 


both does not prevent or probably even specifically decrease the extent of the 


reaction to heroine, codeine, morphine, etc. Possibly curare in very large 


past 
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doses may weaken the response of the bladder and bronchioles to these opium 
bodies. 

These reactions closely resemble those produced by drugs which first stim- 
ulate and secondarily paralyze nervous structures such, for example, as the 
action of lobeline on ganglia. [ut so far as I have been able to determine by 
pharmacological means no paralysis of either nervous or muscular structures 
is produced by these alkaloids. Ordinarily we would be inclined to attribute 
this action of the opium bodies to a direct action on the muscle fibers, since it 
occurs after atropine (and curare). [But since a bladder which has become 
completely immune to further injections of these opium bodies may give, so 
far as I have been able to determine, a perfectly normal response, 1.e., a pro- 
found contraction, to ordinary doses of barium, vanadium, pilocarpine, musca- 
rine, or even lobeline, I am unable to see why the loss of response to the opium 
alkaloids should be attributed to muscular rather than to nervous origin. 

Throughout the course of these experiments I have been much impressed 
with the similarity which a number of the reactions produced by these alkaloids 
bear to certain phenomena produced in anaphylactic shock. For in some an- 
imals, such as the guinea pig, death is produced in this condition by bronchial 
spasm which is in all probability very similar indeed to that produced by these 
alkaloids. And Dale* has shown that in the excised uterus of a sensitized 
guinea pig reactions to the sensitizing serum, or (in some instances) to other 
protein solutions, may be obtained which bear a striking similarity to the im- 
munity to later doses which a bladder acquires by one initial maximal response 
to one of these opium alkaloids. 

In consideration of the exiensive use of morphine for experimental pur- 
poses it is interesting to note these very marked reactions in dogs to the drug. 
Especially is this true for the tolerance or loss of susceptibility to the action 
of the drug. For while in many of these experiments large doses have often 
been used, still the striking, initial, maximal contraction which caused a loss 
of response to the drug was usually obtained with about 25 or 30 milligrams 
(™% grain). This dose is very frequently equaled or exceeded in narcotizing 
dogs for experimental purposes. What effects these profound reactions may 
have on the experimental conditions, or on the reactions to a larger series of 
drugs than I have used, remains to be seen. In consideration of the great tol- 
erance which the chronic opium user may attain for these bodies, especially 
morphine, the reactions here described acquire a special clinical interest. Myers* 
has recently shown that in normal intact dogs a cross-tolerance for certain 
opium alkaloids (phenanthrene series) may exist between closely related drugs 
but that this tolerance in intact dogs is evidenced only on those functions on 
which the drugs have a common selective action. 

In conclusion, and for the benefit of others who may sometime care to re- 
peat some of these experiments, I want to especially emphasize a point which 
I have observed in a few rare instances. This consists in a complete failure 
to obtain any contraction of either the bladder or the bronchioles or both. Usu- 
ally I have been inclined to attribute this to impure or deteriorated drugs or to 
poor technic, but the possibility that in those animals the peripheral structures, 
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such as the bladder or bronchioles, may have possessed a special resistance to the 
action these drugs (independently of the central nervous action) may be worth 


considering. 
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AN EXPERI- 


ANTIDOTES IN MERCURIC CHLORIDE POISONING. 
MENTAL STUDY* 


By Bernarp Fantus, M.D., Cuicaco, IL. 


HE wave of mercuric chloride poisoning, through which we passed during 
the last few years, has been followed by a wave of suggestions tor new 
It was for the purpose of testing the 


antidotes to corrosive mercuric chloride. 
antidotal efficiency of these, as compared with that of albumen, that this re- 


search was undertaken. 

The great uncertainty of interpretation of clinical results, coupled with the 
necessity of determining what antidote offers the patient the best chances for 
recovery, renders experimental work on this question actually imperative. The 
first requisite to such study is a reliable method; to the devising of which, for 


the purpose in hand, my first efforts were directed. 

Because of the closer relationship of gastrointestinal functions of the dog 
to those of man, than is found in other laboratory animals, dogs were first used 
In this attempt I 


in an attempt to find a surely lethal dose for this animal. 
failed. For dogs vomit so easily and mercuric chloride is so irritating to the 
stomach, that it is next to impossible to obtain uniform results, even if care is 
taken to secure an empty stomach by withholding food; and even if the tendency 
to vomiting has been lessened by preliminary administration of morphine, and 
the poison is administered after the morphine emesis has taken place. 


More uniform results were obtained with the rabbit, which animal was, 
for this reason, chosen in this investigation. This animal’s inability to vomit 
insures retention of the dose. The disadvantages of using the rabbit are that, 
in the first place, the stomach of the rabbit is never empty. It requires pro- 
longed starvation before emptiness of the stomach can be secured. The lesions 
in the stomach are, therefore, generally less severe than they would have been 
had the stomach been empty. The bowel of the rabbit is exceedingly slow in 
emptying itself. To determine how long it takes, in the rabbit, before ingested 
material has left the alimentary tract completely, a normal rabbit was given 4 
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gm. of wood charcoal. ‘The black color did not appear until the second day, and 
persisted for eleven days. ‘This is probably five times longer than in the human. 
In view of this slow evacuation of ingested material, it is probably fair to assume 
that, if in our experiments a rabbit lived considerably longer than the usual 
lethal period, an antidotal effect had been obtained; an effect that might have 
been life-saving in an animal with more rapid evacuation of the bowel, e.g., man. 

It was first of all necessary to determine a uniformly lethal dose of mer- 
curic chloride for the rabbit, which was done by means of experiments, 


the summary of which is shown in Table 1. 


TABLE 1 


DETERMINATION or LetuHaL Dose or Mercuric CHLORIDE ON Stomacnun 
ADMINISTRATION TO RABBITS 


Dose per Kg. Number of Experiments Lived 


0.01 30 days 

0.02 days 

0.03 days 

0.04 3 days average 
0.05 2 days 

0.06 12); days average 


Showing that all these doses are lethal; the larger the dose, the prompter the death. 


In all of these experiments, the mercuric chloride was administered in one 
per cent solution, by means of the stomach tube, to rabbits that had not been 
starved. It will be seen that the main difference between the effects of these 
various doses, is in the lethal period, i.e., the length of time that elapses before 
death takes place. Choosing 0.04 gm. per kg. as the smallest dose that was fol- 
lowed by a reasonably short lethal period, I performed a sufficient number of 
experiments (nine) to enable me to feel confident that it was a certainly fatal 
dose, and that the corresponding lethal period is not subject to great variation. 
The lethal periods in our experiments with 0.04 gm. per kg. were as follows: 
2, 2, 2, 3, 3, 3, 3, 3, and 5 days: a variation certainly sufficiently small. 

Necropsy was performed on all these animals, and it may be of interest to 
note that the animal which lived 5 days, and one of the three day animals, had 
only slight lesions in the stomach; all others showing marked or extensive cor- 
rosion. The two typical and constant lesions that were easily found on necropsy 
were: first, a necrosis of the tips of the folds in the cecum; and, secondly, 
changes in the kidney, which in rabbits dying within 3 days was usually a 
swelling and softening of the organ; its normal striations, especially those of 
the cortex, being obscure or entirely obliterated. In animals living a little longer, 
we often found a very marked abnormal striation in the cortex, yellowish white 
and reddish-brown streaks alternating with each other. Microscopic examina- 
tion of such specimens showed extensive degeneration, especially of fatty type 
in streaks, separated from each other by areas showing mainly congestion and 
exudation. Occasionally, though rarely, a kidney would be obtained that had an 
almost uniform yellowish color, a specimen in which fatty degeneration had be- 
come general. Albumin, casts, and frequently red blood corpuscles were found 
in the urine of all the poisoned animals, in which urinary examination was made. 

The effects of dilution were next obtained, for, in giving the antidote, it 
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is frequently necessary to introduce it with a considerable amount of water. 
The results of the experiments to determine this factor are given in Table 2, 
from which it will be seen that dilution up to 1:1,000 had no marked effect upon 
the lethal period, which was, for the seven observations, an average of three 
days, the same as obtained in the nine rabbits that were given the poison in one 
per cent solution. ‘The main effect of dilution is to lessen the local lesions in the 
stomach, which in the animals that had received the poison in 1:1,000 solution 
were rather slight. In our subsequent work, an attempt was made not to ex- 
ceed a dilution of 1:1,000. 

To determine the value of an antidote, the first step I took was to administer 
it mixed with the poison. Obviously if the resulting mixture was found to be 
quite as toxic as the poison given alone, it was unnecessary to go further in the 
study of that substance. If, on the other hand, it was found that animals sur- 
vived the fatal period by a considerable time, then the antidote was administered 
immediately after the poison had been injected into the stomach. If the sub- 
stance proved of marked antidotal value when given immediately after the ad- 


TABLE 2 
INFLUENCE OF DitutTION Errect or LETHAL 

Lethal Dose of 0.04 gm. per Kg. of Mercurie Chloride administered with varying 

quantities of water. 


| 


Rabbit | Weight | 


20 | 910 
21 


dilution is considerable (1:1000) it lessens the severity of the local lesions. 


ministration of the poison, then it was given 5, 10 and 15 minutes afterward, to 
see whether it is likely to be of use under the conditions prevailing in practice. 
The chief item to be noted in the estimation of results, is the period of survival 
of the animal after the poison was given. This is given in number of days, 
though the figure 100 was not exceeded. In other words, whenever an animal 
is reported to have lived 100 days, it means that it has survived that period; and 
it seems that such animal may be considered to have recovered. Some of these 
lived much longer. Some of those that lived over 100 days died later from 
inter-current diseases, e.g., rabbit pneumonia. Though a few of those that died 
after 100 days showed the lesions of chronic nephritis on necropsy, it seems 
fair to conclude that in view of the sluggishness of the rabbit’s bowel, and the 
consequent prolonged retention of the poison in the system, if the kidney was 
damaged to so slight a degree as to permit the animal to live for three months, 
or even half that period, a really marked and valuable antidotal effect has been 
obtained, one that would have been probably life-saving in the human, and 
which might, therefore, properly be scored as a recovery. 


| | l | | | Necropsy Lesions me 
| Water | of Sol. in | if 
| | Local | General 
; P| 0.036 3.6 1% | 3 days Marked | Marked es 
0.036 3.6 1% <5 
22 900 | 0.036 7.2 16% 
23. | 1140 | 0.046 9.2 4% | 
24 | 1225 0.049 | 19.6 
25 | 1500 | 0.060 | 60.0 10% | 5 Slight 
26 | 1355 | 0.054 | 54.0 | |3 “ | 
This table shows that dilution has no marked effect upon the lethal period. If 4 


The Journal of Laboratory and Clinical Medicine 


ALBUMIN. 


As is well known, albumin is the standard antidote for mercury. Hence, 
we may begin the report with the results obtained with that substance, or rather 
that group of substances, for under this name are included a large number of 
different bodies. 

After preliminary test tube experiments, to determine the amount of al- 
buminous fluid necessary to remove practically all free mercury ions from the 
solution, such amount was administered mixed with the poison. Having shown, 
for instance, that 1,000 times as much milk would practically remove one part of 
mercuric chloride from the solution, that amount was given mixed with the 
The animals lived no longer than they 


poison with the result shown in Table 3. 
The chief difference was 


would have lived, if water had been used as diluent. 


TABLE $ 


Dose or Mercuric CHLORIDE Mixep witH MILK 


Necropsy Lesions 


| 
Rabbit | Weight Mercuric Milk Lived 
Chloride Local General 
G6 | 1900 0.076 Ww 76.00 | 4 days 0 Marked 
G7 | 1270 0.051 i3 “ 0 
G8 1210 0.048 lw | 48.00 |2 “ 0 = 
G9 761 0.030 | 30.00 Slight 


_ This table shows that milk is of no antidotal value in Mercurie Chloride poisoning. 
Animals lived an average of 3 days after the poisoning, which is the average lethal period, 
when no antidote is used. 


on 


stomach, 
of no 


that there were practically no local lesions, i.e., lesions in the 
Milk is therefore, text-books to the contrary notwithstanding, 


necropsy. 
It emphasizes, on the 


antidotal value in mercuric chloride poisoning in rabbits. 
other hand, the value of milk in the oral administration of mercuric chloride for 
medicinal purposes, as milk minimizes the effects of mercuric chloride upon the 
stomach, without interfering with its systemic action. 

Table 4 shows the results obtained when a 10 per cent solution of Merk’s 
It will be noted that the results correspond, 


serum albumin was used as antidote. 


TABLE 4 
LetuaLt Dose or Mercuric CHLORIDE MIXED WITH (W) SERUM ALBUMIN ( MERCK) 


Necropsy Lesions 


Mercuric Serum 
Rabbit | Weight Chloride Albumin Lived 
Local General 
Gl 1000 0.067 Ww 6.70 3 days 0 Marked 
G2 1958 0.078 | Ww 7.00 0 
33 | 1559 | 0.062 3.10 0 Slight 
G4 | 1319 0.053 w 4.00 5 * Slight Marked 


eriod was a little longer, 5% days. 
4 da} 


on the whole, with those obtained with milk, excepting that the average lethal 


This table shows that Serum Albumin is of but little value as a general antidote to 
mercuric chloride: animals living an average of 5.25 days after the poisoning. 


This was mainly due to the fact that the 


animal receiving the smallest amount of antidotal solution (G 3, 50 times) lived 


the longest, while the animal that received the largest quantity (G 1, 100 times), 
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had the shortest lethal period. ‘This suggests that the warning against giving an 
excess of albumin in this condition, may be well founded. Still, the results did 


not seem sufficiently promising to pursue this question any further for the 


present. 
Turning now to the use of egg albumen as antidote (Table 5), we find that 


the majority of the animals survived, when the albumen was given mixed with 
the poison. This simply means that mercuric egg albuminate is much less toxic 
than are the other albuminates studied. Next, egg albumen was administered 


immediately after the poison was given, and without removing the stomach tube. 
| The result is shown in the second part of Table 5. The average fatal period 
was 19.2 days, due chiefly to the survival of one animal. That an antidotal ef- 


fect had been obtained in this case can hardly be postulated, it might be an ac- 
cidental result. ‘Taking the next step, and administering the antidote 5, 10, 15 


TABLE 5 
Mercuric CHLORIDE AND EGG ALBUMEN 
Lethal Dose of Mercurie Chloride mixed with (w) Egg Albumen. 


Necropsy Lesions 


| Mercuric Egg 

Rabbit | Weight | Chloride Albumen Lived | 

Local | General 
G 5 1775 0.071 Ww 35.50 81 days 0 0? 
G10 1871 0.075 Ww 37.50 0 Slight 
G1l 1235 0.050 Ww 25.00 | 43 “ 0 | Marked 
712 1648 0.066 w | 33.00 100 
G13 0.045 w | 22.50 100 0 Pneumonia 

Lethal Dose of Mercurie Chloride followed by (f) Egg Albumen. 
GL10 2273 0.090 | f | 45.00 4 days Slight Marked Pneu 
GLI11 1560 0.062 31.00 Marked Marked 
GL12 1885 0.075 37.50 Slight 
GL13 1055 0.042 f 21.00 a 0 7 
1715 0.069 35. Marked 


~G5L | 1940 0.078 | 5 min. | 39.00 7 days| Marked | Marked 
G10L 1850 0.074 |10 | 37.00 | 
G15L 2225 | 0.089 |15 “ | 45.50 “ 


This table shows that egg albumen is capable of saving life when given mixed with 
mercuric chloride, but that its antidotal value is rather slight when given immediately 
afterward, and practically nil when given after an interval of 5 to 15 minutes. 


minutes after the poison was given, having in the meantime withdrawn the 
stomach tube, we find practically no antidotal effect. Inasmuch as these are the 
conditions that prevail in practise, we must conclude that egg albumen is not 
likely to be of any value as antidote in the treatment of mercuric chloride poi- 
soning. Evidently the combination that the mercuric chloride forms with the 
organic materials in the stomach cannot be broken up by albumen. 


POTASSIUM IODIDE 


AND QUININE. 


Hall’ advanced the apparently ingenious suggestion of reversing Mayer's 


Reagent for the precipitation of mercury, giving the following formula: 


Potassium iodide 3.00 
Quinine hydrochloride 1.60 
Hydrochloric acid, dilute, (10%) 2.00 
Distilled water to 


ae 

= 
— 
Mercurie Chlor. followed by (f) Egg Albumen after varying intervals. ." 
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A solution of this composition will remove all the mercury from an equal 
volume of one per cent mercuric chloride solution, producing a yellow precipitate 


insoluble in dilute acid and in 0.2 per cent alkali carbonate. 

Barbour? tested Hall’s alleged antidote by giving it intravenously or intra- 
peritoneally one-half to one hour after parenteral administration of the poison, 
with the hope of fixing the mercury, that had already reached the blood and tis- 


sues; but with negative results. 
That Hall's solution is not antidotal to mercury, even when administered 


by stomach, I have shown by the following experiments : 


TABLE 6 
LetHaL Dose or Mercuric CHLORIDE MIXED WITH (W) OR FOLLOWED BY (F) Potassium 
lopIpDE AND QuININE (HALL’s SoLution) 


Necropsy Lesions 


Mercuric Hall’s 
Rabbit Weight Chloride Sol. Lived 


Local General 


B 670 0.04 w 4 mils 3 days 0 Marked 
B 3 610 0.04 w 4“ 0 

B 2 470 0.03 

BL 650 0.04 f * Marked Marked 
BL1 600 0.04 f.5min.| 4 “ * 


Hall’s Solution is of no value as antidote to mercuric chloride. Average lethal period 


2.7% days. 


It will be seen from this table that death occurred even when the supposed 


antidote was given mixed with the poison (Experiments B and 133), even if 


used in more than sufficient amount (B2). Necropsy of animals showed kid- 


neys with light cortical striz, and cecal folds necrotic at their edges. Evidently 


the mercuric compound is broken up in the digestive tract with liberation of 


the mercury in active form. 
When the solution was given mixed with the poison, there was, of course, 
no local action; but, if given afterward (B1, and B11), corrosion of the stom- 


ach was present. 
Hall's solution is therefore useless as an antidote. 


TABLE 7 
Letruat Dose or Mereurtc CHLORIDE MIXED WITH (W) Soptum CARBONATE 


Necropsy Lesions 


Mercuric Sodium 
Rabbit Weight Chloride Carbonate Lived 


General 


Local 


D10 860 0.0575 w 0.25 1 day 0 | Marked 
D11 2235 0.089 Ww 0.42 3 days 0 92 
D12 2110 0.085 w 0.85 0 


This table shows that Sodium Carbonate is of no value as a general antidote to mer- 
curie chloride; animals living only an average of 2.7 days after the poisoning. 


ALKALIES. 


Alkali, in the form of sodium bicarbonate, has been suggested as an antidote 
by J. M. Hirsch.’ In the Journal of the American Medical Association for 
March 7, 1914, is reported an analysis of an alleged antidote to corrosive 
sublimate, which is marketed in the form of pink tablets, that on examination 
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was found to consist of 91 per cent sodium bicarbonate. It, therefore, seemed 
desirable to study the antidotal value of this substance. 

On mixing a mercuric chloride solution with a small amount of sodium bi- 
carbonate, a brown precipitate is formed. If, however, an excess is added, e.g., 
25 parts to 1 part of mercuric chloride, there is no precipitation whatever. In- 
asmuch as sodium carbonate seemed to be superior as a precipitate of mercuric 
chloride, forming with it a brown precipitant of oxychlorides of mercury, it was 
first subjected to trial, with the results shown in Table 7. Evidently it has no 
antidotal value. 

Turning now to the results obtained with sodium bicarbonate (Table 8), 
we note that a certain, though slight, antidotal effect can be obtained from it, 


one which compares favorably with that obtained from egg albumen. 


TABLE 8 


Letuat Dose or Mercurtc CHLORIDE MIXED WITH (W) OR FOLLOWED BY (F) SODIUM 
BICARBONATE 


Necropsy Lesions 


Mercuric Sodium 
Rabbit | Weight Chloride Bicarb. i | 
Local General 


0.07% | 3 days) Marked | Marked 


20 | 1880 


21 2330 09: | 9 Slight 
23 1415 057 0 Slight 
24 1042 042 j : 0 Marked 


“ce 


DL21 1910 | 
DL22 1860 .074 | 39 0 | Pneumonia 
DL23 1485 .059 Slight Slight 


DL24_ | 1315 0.053 | f | 25 | 8 “| Marked 


This table shows that Sodium Bicarbonate has antidotal value in mercuric chloride 
poisoning even when given immediately afterward. 

Given with sodium bicarbonate, average survival 29 days. 

Followed by sodium bicarbonate, average survival 17 days. 


It is an interesting question why sodium bicarbonate, in quantity that does 
not precipitate mercuric chloride, should be antidotal; while sodium carbonate, 
which precipitates it, is not. It is probably due to the influence of sodium bi- 
carbonate upon the reaction between mercuric chloride and proteid. When we 
mix mercuric chloride solution with a serum albumen solution (1:1,000) we 
obtain a light flocculent precipitate. If, however, the mercuric chloride has previ- 
ously been mixed with sodium bicarbonate a much denser precipitate is formed. 
When a solution of sodium bicarbonate is added to a suspension of the flocculent 
serum albuminate of mercury, we obtain prompt deflocculation of the albumin- 
ate. 

It will be noted from the reports of the necropsies, that local lesions were 
slight or absent in all cases, excepting D20, in which case the amount of sodium 
bicarbonate used was small—only ten times as much as mercuric chloride— 
while in all others (excepting D21), it was 25 to 50 times as much. We may 
conclude, therefore, that an excess of sodium bicarbonate renders mercuric 
chloride non-corrosive when given mixed with it, and that it may possibly have 
a favorable effect upon the course of the poisoning, even when given afterward. 


2 
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SODIUM ACETATE. 


In view of the fact that there is probably no other metal, the degree of elec- 
trolytic dissociation of which, in aqueous solution, is dependent to so high a 
degree upon the anion with which it is associated, as are the mercuric salts; and, 
inasmuch as mercuric salts of very weak acids are very much less dissociated 
than are the salts of stronger acids, it was thought advisable to determine the 
antidotal value of some of the organic acid anions, for instance, acetate. When 
we mix mercuric chloride solution with a small amount of sodium acetate, no 
evident change occurs. Probably mercuric acetate is formed; but, inasmuch as 
that is soluble and colorless, its production does not manifest itself. When a 
large excess of sodium acetate is used, we obtain a brown precipitate, identical 
in appearance with that produced by sodium carbonate and probably composed 
like the latter of oxychlorides of mercury. This brown precipitate is evidently 
due to alkalinity. For, if we neutralize the acetate, no such precipitate is ob- 


TABLE 9 
Letuat Dose or Mercuric CHLORIDE MIXED WITH (W) OR FOLLOWED BY (F) 
Sopium ACETATE 


Mercuric Sodium Necropsy Lesions 
Rabbit | Weight Chloride Acetate Lived 


Local Genera! 


D 30 1680 0.067 Ww 6.70 | 8 days 0 Marked 
D 31 1040 0.042 w 4.20 100 * 0 Slight 
D 32 1700 0.068 6.80 3 0 

D 33 1495 0.060 w 6.00 100 * 

D 34 796 0.032 Ww 3.20 = Slight Marked 


: 1650 0.066 f 6.60 Slight 
DL31 1865 0.075 f 7.50 100 * 
DL32 1635 0.065 f 6.50 Marked Marked 
DL33 1793 0.072 f 7.20 Slight 
DL34 968 0.039 f 3.90 


This table shows that a large excess of sodium acetate has considerable antidotal 
value in mercuric chloride poisoning. Given with sodium acetate, average survival 45 


days. Followed by sodium acetate, average survival 25.2 days. 


tained. Having determined that it required 100 times the amount of acetate to 
completely remove the mercuric ions from solution, that amount was given with 


the result shown in Table 9. An antidotal effect was obtained, ranking some- 


what higher than that of sodium bicarbonate or of egg albumen. 


BITARTRATE. 


POTASSIUM 
Lambert and Patterson* have recently reported on a method of treatment 
of corrosive sublimate poisoning, by means of which they scored 100 per cent 
recoveries in the 10 cases they treated. The treatment consists of a powerful 
appeal to the emunctories, a veritable washing out of the system, being com- 
posed of: (1), the administration of eight ounces of potassium bitartrate lactose 
lemonade every two hours and of eight ounces of milk every two hours, each 
being given alternate hours, and gastric lavage twice daily in addition; (2), the 
continuous drop rectal irrigation with a solution of potassium acetate, and copi- 
ous enteroclysis twice daily, besides; (3), a sweat bath daily. The antidotal 
treatment their cases received consisted of the administration of albumen which, 
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as we have shown, is probably of little importance in producing the results they 
obtained, as it was always given some time after the poison had been taken. 
To determine whether the potassium bitartrate, which their patients received, 
had any antidotal value, I performed experiments, the results of which are 
shown in Table 10. It will be seen that potassium bitartrate has practically no 
antidotal value. We may, therefore, admit from their results, that heroic elim- 
inant treatment may be of value in mercurial poisoning, even if an inefficient 
antidote is used. Of course, a combination of such treatment with the use of 


a good antidote, ought to be still better. 


TABLE 10 


Mercuric CHLORIDE MIXED WITH (W) Potasstum BITARTRATE 
(25 To 50 TIMES AS MUCH) 


Dose or 


Necropsy Lesions 


Mercuric Potassium | 
Rabbit | Weight = Chloride Bitartrate Water Lived 

| Local Genera! 
= 1540 0.061 Ww 3.50 35.00 | 5 days Slight Marked 
1815 0.073 w 1.82 | 18.00 
T 3 1483 0.059 Ww 3.00 30.00 Marked 


Potassium Bitartrate has a very siight antidotal value. Animals living an average 
of 5 days after poisoning. 


SODIUM SULPHATE. 


In view of the report of Macht,’ that sodium sulphate was of value in 
phenol poisoning, and assuming that the fact that sodium sulphate is an excel- 
lent deflocculent for proteids, might explain the action, I performed test tube 
experiments to determine whether this was true for mercuric serum albuminate 
sol. Having found that this was the case, I tried it on a few poisoned rabbits, as 


shown in Table 11, with perfectly negative rabbits. 


TABLE 11 


Letuat Dose or Mercurtc CHLORIDE FOLLOWED BY (#*) SODIUM SULPHATE 
(50 To 100 TIMES AS MUCH) 


Lesions 


| 
Mercurie | Sodium | 
Rabbit | Weight Chloride Sulphate | Water Lived 
Local General 
SLI | 1530 | 0.061 f 6 10. as 24 4 5 days Slight | Marked 
SL2 1147 0.046 | f 4.60 | 25. | 1 day | Slight 
_SL3 1355 | 0.054 f 2.70 a 5 | 2 days Marked | Marked 


Sodium Sulphate has no antidotal value. Animals Soa only 2°/; days average. 


STAN NOUS CHLORIDE. 


As is well known, there is a great difference in the toxicity of mercuric salts. 
and that of mercurous salts and of mercury. When, therefore, we reduce mer- 
curic chloride to a mercurous salt, or to a metallic mercury, an antidotal effect 
ought to be obtained. On comparing a series of reducing agents, I found stan- 
nous chloride the most active. An equal part of one per cent solution of stan- 
nous chloride, added to a one per cent solution of metallic mercury, produces a 
grey precipitate and removes practically all mercuric ions from the solution. 
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Having determined that the lethal dose of stannous chloride for the rabbit is 
about 1 gm. per kg. (Table 12), I administered it in safe doses mixed with the 


corrosive sublimate. (See Table 13.) 


TABLE 12 


DETERMINATION OF LETHAL DosE OF STANNOUS CHLORIDE 


Dose per kg. Rabbit | Number of Experiments Result 
0,25 1 Recovered 
0,50 1 7% 
1,00 2 1 Died 


Showing that lethal dose is about 1,00 gm. per kg. 


TABLE 13 


LetHat Dose or Mercuric CHLORIDE MIXED WITH (W) OR FOLLOWED BY (F) 
STANNOUS CHLORIDE 


Mercuric Stannous Necropsy Lesions 


Rabbit Weight Chloride Chloride Lived 


Local General 


F 620 0.040 Ww 0.080 | 50 days 0 Marked 
F 1195 0.048 w 0.096 (16 “ | 0 és 
F 2 960 0.039 WwW 0.077 0 
F 3 823 0.033 w 0.210 100“ 0 Pneumonia 
F 4 1205 0.048 w 0.480 _ 0 = 
FL 890 0.060 f 0.120 Marked Marked 
FL 1 1055 0.042 f 0.084 
FL 2 1095 0.044 f 0.088 Slight 
FL 3 845 0.034 f 0.210 Marked | 
FL 4 1370 0.055 f 0.550 es Slight | Pneumonia 


This table shows that stannous chloride is a good antidote when mixed with the poison; 
but of much less value when given afterward. 

Given with stannous chloride, average survival 37 days. 
Followed by stannous chloride, average survival 6 days. 


A decided antidotal action, a lengthening of the average fatal period to 37 
When, however, the stannous chloride was administered 


days, was obtained. 
immediately after the poison, the result was disappointing. The average fatal 
The reason for this discrepancy between the fatal 


period was merely six days. 
period under these two conditions of administration of the antidote, is probably 
due to the chemical instability of the stannous chloride, and the fact that it is a 
proteid precipitant. Hence, if administered afterward, it will react with other 
substances quite as readily as with mercuric chloride. Perhaps, if larger doses 
were used, it might give better results. The best results, shown in Table 13, 
have been obtained with the largest doses. Still, as we have less toxic and more 
useful antidotes among the reducing agents, no further studies were made with 


stannous chloride. 


CALCIUM SULPHIDE. 


Hayward and Allen,® in a letter to the editor of the Journal of the American 
Medical Association, suggested the use of calcium sulphide as an antidote to 
mercuric chloride poisoning, on the ground that 1 gm. of calcium sulphide (calx 
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sulphurata, U. S. P.) is capable of reducing 2.31 gm. of mercuric chloride. They 
report no experimental work upon animals. 

To determine the toxicity of the proposed antidote, | administered to a rab- 
bit weighing 1,276 gm. a dose of 0.10 gm. of calcium sulphide per kg., by means 
of a stomach tube. Within three minutes the animal was lying on its side, pant- 
ing, its breath smelling of hydrogen sulphide, pupils dilated, corneal reflex slug- 
gish. A convulsion occurred within ten minutes after the administration. The 
animal remained lying on its side, its ears becoming bluish; and it seemed to 
be dying. It commenced to improve, however, within twenty-five minutes, 
though it remained depressed, did not eat, and died on the fourth day after the 
administration of the agent; necropsy showing multiple punctate hemorrhages in 
the stomach. 

It appears that an agent as highly and rapidly toxic as calcium sulphide, 
would not be likely to be of value as an antidote, especially in view of the fact 


14 


LetuaL Dosst or Mercuric CHLORIDE MIXED WITH (W) OR FOLLOWED BY (F) 
SopiuM PHOSPHITE 


TABLE 


Necropsy Lesions 


Mercuric | Sodium 
Rabbit Weight Chloride Phosphite Lived 
Local General 
H | 1018 0.068 Ww 0.68 4 days 0 Marked 
H 1 780 0.030 0.30 0 
HL1 1188 0.047 f 0.47 Marked | 


Sodium Phosphite given alone is of little value as antidote, av. survival 4 days. 


that we have other reducing agents that are much less toxic. I therefore did 
not carry the experiments with this agent any further. 


SODIUM PHOSPHITE. 


Thomas A. Carter? announced, in 1914, a series of 16 cases of mercuric 
chloride poisoning, treated with a new antidote, with only two deaths. He has 
since enlarged his series to 74 cases with only four deaths.* His antidote is 
composed of sodium phosphite, six parts, and sodium acetate, four parts. 

When a solution of sodium phosphite is mixed with a mercuric chloride 
solution, a white precipitate (calomel) is formed; and if the proportions are 
correct—ten parts of sodium phosphite to one part of mercuric chloride- 
practically all of the mercury is removed from the solution. 

I first administered the sodium phosphite mixed with and following a fatal 
dose of mercuric chloride, without obtaining any antidotal effect (Table 14) ; 
then mixed it with a liberal excess of sodium acetate, which had previously been 
found to have an antidotal value; but found that the combination was devoid of 
antidotal action. 

Experimenting then with the proportions given by Carter, using 10 parts of 
sodium phosphite to 6.6 parts of sodium acetate, I obtained the results shown in 
Table 16, an evidently antidotal effect even if the antidote was given after the 
poison was administered. The average fatal period was lengthened to 61.6 days. 
when the poison and antidote were given combined; and to 42.4 days, when the 
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antidote was given afterward. Why the combination in the proportions stated 


should be so much more effective than the same combination with an excess of 


acetate, which in itself has antidotal value, I am unable to explain. 


SODIUM HYPOPHOSPHITE. 


Theoretically, sodium hypophosphite should be a better reducing agent than 
However, 


sodium phosphite, for it represents a still lower state of oxidation. 
it seems to be somewhat slower than the phosphite in undergoing reaction with 
mercuric chloride, though the result is the same, a white precipitate of calomel 


TABLE 15 


Dose or Merecuric CHLORIDE MIXED WITH (W) OR FOLLOWED BY (F) SODIUM 


LETHAL 
10 TIMES AS MUCH) AND Sopium AceTATE (100 TIMES AS MUCH) 


PHOSPHITE 


. — Nee sy Lesions 
Mercuric Sodium Sodium Necropsy Lesions: 
Chloride Phosphite Acetate Lived 


Rabbit Weight 
Local General 


H 4 1749 0.070 w 0.70 7.00 1 day Slight Slight 
H 6 974 0.039 w 0.39 3.90 3 days - = 

HIA4 1215 0.049 f 0.49 4.90 3 (CS Marked | Marked 
HL6 1000 0.040 f 0.40 4.00 Slight 


Sod. Phosphite with large excess of acetate is of no antidotal value. 


TABLE 16 
LetHaL Dose or Mercurtc CHLORIDE MIXED WITH (W) OR FOLLOWED BY 
4» PHOSPHITE (TEN TIMES AS MUCH) AND Sopitum AcETATE (6.6 TIMES AS MUCH) 
ANTIDOTE) 


(Fr) Sopium 


Necropsy Lesions 


Rabbit Weight HgCL: Phosphite Acetate Lived 
Local General 
H 2 1665 0.067 w 0.67 0.442 1 day 0 Slight 
H 3 1870 0.075 Ww 0.75 0.50 100 days Slight Ear Inf. 
H 5 1650 0.966 w 0.66 0.44 100 “* 
H 7 1525 0.061 W 0.61 0.40 eo Marked | Marked 
H 8 1550 0.062 W 0.62 0.41 100 “* 


HL2 1795 0.072 f 0.720 0.475 100 “ 0 Slight 
HL3 2075 0.113 f 1.13 0.75 4 * 0 Pneum. 
HL5 1877 0.075 f 0.75 0.50 100 “ 

HL7 2100 0.084 f 0.84 0.554 _ eR Marked | Marked 
HL8 1440 0.058 f 0.5 0.38 2 “ | Slight “ 


Carter’s Antidote is of decided value. 
Average survival when given with the poison 61.6 days. 
Average survival when given following the poison 42.4 days. 


being formed. Finding in an experiment, in which I administered it mixed with 
the poison, that the fatal period was merely prolonged to eight days, I proceeded 
to use the sodium hypophosphite in various combinations, having noticed that 
combination with a third agent seemed to hasten the speed of the reaction. 
Combination of sodium hypophosphite with sodium acetate in proportion 


of 10 to 6.6 gave the results shown in Table 17. 


While the figures representing the number of days the animals survived, 
give a somewhat lower average than was obtained with Carter’s Antidote, 37.6, 
as compared with 42.4, still a comparison of Tables 16 and 17 will show that 
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the results were somewhat more uniform with the hypophosphite, not one animal 
among those that were given the hypophosphite dying in less than 20 days, while 
with Carter’s antidote, one animal died in one day and one in seven days. Fur- 
thermore, most of the animals of the hypophosphite series succumbed to rabbit 
pneumonia and similar infectious, which had unfortunately attacked them in an 
epidemic manner. ‘Taking, however, the figures as they are, in spite of this 
handicap, we find them to rank the hypophosphite and acetate well alongside of 


the phosphite combination. 


TABLE 17 
Letuat Dose or Mercuritc CHuLtortpE MIXED WITH (W) OR FOLLOWED BY (F) SODIUM 
Hyrporpnospuite (10 TIMES AS MUCH) AND Sopitum ACETATE (6.6 TIMES AS MUCH) 


Necropsy Lesions 


Sodium Sodium 
Rabbit Weight HgCl. Hypo. Acetate | Lived 
Local | General 

Ca 2 1205 0.048 Ww 0.48 0.32 60 days 0 Nose Inf. 
Ca 4 1392 0.056 Ww 0.56 0.37 is 0 Ear “ 
Ca 5 965 0.039 Ww 0.39 0.238 100 “ 
Ca 6 1395 0.056 Ww 0.56 0.37 ae 0 Pneum 
Ca 7 960 0.038 w 0.38 0.25 0 
Cal 2 1437 0.057 f 0.57 0.38 Ble Slight | Marked 
Cal 4 1000 0.040 f 0.40 0.264 | 67 “ eis Abscess 
Cal 5 2450 0.098 f 0.98 0.669 . = Marked 
Cal 6 1115 0.045 f 0.45 0.30 100 “ 
Cal 7 1060 0.042 f 0.42 0.28 . 0 Slight 

Sodium Hypophosphite with sodium acetate has decided antidotal value. 

Average survival when given with the poison, 49.2 days. aa 


Average survival when given following the poison, 37.6 days. 


TABLE 18 


Letnau Dose or Mercurtc CHLORIDE MIXED WITH (W) OR FOLLOWED BY (F) SODIUM 
HyporpHospHiIte (10 TIMES AS MUCH) AND Soptum AcETATE (100 TIMES AS MUCH) 


Necropsy Lesions 


Mercuric Sodium Sodium 
Rabbit | Weight Chloride Hypo. Acetate Lived 
Local General 
Ca 1 1100 0.044 Ww 0.44 4.40 2 days Slight | ? 
Ca 3 1128 0.045 | W 0.45 4.50 is a Slight 
Cal 1 1335 0.053 | f 0.53 5.30 100 “ 
Cal 3 965 0.039 f 0.39 3.90 eee Slight | Marked 


Hypophosphite is of much less antidotal value when given with excess of acetate. 
Average survival being 27.5 days. 


An excess of sodium acetate, added to the hypophosphite, Table 18, lowers 
the average lethal period as it did in case of phosphite; but not to the same ex- 
tent. An average survival of 27.5 days was obtained, as against three days in 
case of phosphite. 

Acidified solution of sodium hypophosphite (‘Table 19), as well as alkalin- 
ized solution of this salt (Table 20) were also tried, with results that were not 
sufficiently encouraging to demand further study. 

The best results of all were obtained with sodium hypophosphite to which 
a moderate amount of hydrogen peroxide was added (5 times as much). The 
average lethal period (Table 21), when this antidote was administered imme- 


diately after the poison, was 43.4 days. When, however, an excess of hydrogen 
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TABLE 19 


LetuaLt Dost or Mercuric CHLORIDE MIXED WITH (W) OR FOLLOWED BY (F) 
HyYPOPHOSPHITE ACIDIFIED WITH DILUTE HyprocHLoric Acip 


Sopium 


Necropsy Lesions 


Mercuric Hypophos- 
Rabbit | Weight Chloride phite Lived 
Local General 
C 460 0.030 Ww 0.30 35 days Slight Marked 
1 770 0.030 w 0.30 Marked 
Cc 530 0.040 Ww 0.20 10 Slight 
CL 1 1107 0.044 f 0.44 0 
CL. 2 1070 0.043 f 0.43 Slight 
C 20 547 0.035 f 0.35 
C Zi 860 0.057 f 0.57 | Marked 


Average lethal period when given with the poison, 15.5 days. 
Average Jethal period when given following the poison, 9.75 days. 


TABLE 20 


Letuat Dose or Mercurtc CHLORIDE MIXED WITH (W) OR FOLLOWED BY (F) SODIUM 
AND Sopium CARBONATE 
Mercuric Hypophos- n/5 Necropsy Lesions 
Rabbit | Weight Chloride phite Na.CO; | Lived 

Local | General 

C 3 1555 0.060 Ww 0.60 6.00 36 days Slight | Abscess 

C 5 1070 0.043 w 0.43 4.30 - iw 0 Slight 
CL 5 915 0.037 f 0.37 3.70 : ae Marked Marked 
612 0.040 f 0.40 | 400 6 * Slight | Marked 


Average lethal period when given with poison, 32 days. 
Average lethal period when given following poison, 6.5 days. 


Letnuat Dose or 

TIMES 

Rabbit Weight 
CHL 4 1150 
CHL1 1470 
CHL 2 1645 
CHL 5 2390 
CHL 6 2270 


Mercuri 


HgCl, 


0.046 
0.059 
0.066 
0.096 
0.091 


CHLORIDE 


TABLE 21 


NaPH.0: 


0.46 
0.59 
0.66 
0.96 
0.91 


FOLLOWED BY 
as MUCH) with HyproGEN PEROXIDE (50 TIMES AS MUCH) 


Sopium 


HyPoPHOSPHITE 


(10 


Necropsy Lesions 


H,0, Lived 

Local 
2.00 8 days 0 
3.00 60 “* 0 
3.00 45 * 0 
4.80 
4.50 0 


General 
Pneum. 


9 


Marked 


Sodium Hypophosphite with hydrogen peroxide has considerable antidotal value. 
Average lethal period, 43.4 days. 


TABLE 22 


Letuat Dose or MercuRIC CHLORIDE FOLLOWED IMMEDIATELY BY (F) Soprtum Hyporuos- 


PHITE 
Rabbit Weight 
CHL 3 1942 
CHL 4 1737 


HgCl, 


0.078 


0.070 


10 TIMES AS MUCH) 


f 
f 


NaPH.O; 
0.78 
0.70 


with HyproGeEN Peroxipe (100 TIMES AS MUCH 


Necropsy Lesions 


H.0 Lived 

Local 
7.80 11 days 0 
7.00 ee Slight 


General 


Marked 


This table shows that an excess of hydrogen peroxide is not as good as when a smaller 
amount is used. 


Average lethal period being 7.5 days. 
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peroxide was given with the hypophosphite, the results were much less favorable 
(Table 22). Whether a still smaller proportion of hydrogen peroxide would 
give still better results, remains to be determined... Why hydrogen peroxide, an 
oxidizing agent, should increase the efficiency of a reducing agent, like hypophos- 


phite, is an interesting question. It may be it acts as a catalyzer. 
The results of special interest obtained with various antidotes administered 


after the poison was given, may be most readily compared by reference to ac- 


companying diagram. This shows, at a glance, that sodium phosphite and sodium 


hypophosphite, in the combinations mentioned, gave the best results. 


SUMMARY OF AVERAGE LETHAL PERIODS. 


\ 


Mercuric Chloride given alone. 


Mercuric Chloride followed by 
Stannous Chloride........ 


Mercuric Chloride followed by 
Sodium Bicarbonate........ 


Mercuric Chloride followed by 


Mercuric Chloride followed by 


Mercuric Chloride followed by 
Sod. Hypophosphite with 


Mercuric Chloride followed by 
Sod. Phosphite with Acetate, 


Mercuric Chloride followed by 
Sod. Hypophosphite with 
Hydrogen Peroxide......... 


To determine next whether these antidotes are likely to be of use in the 
conditions met with in actual practice, each of these three antidotes was admin- 


istered, 5, 10 and 15 minutes after the poison was given, the stomach tube hav- 
ing been withdrawn meanwhile. In all cases distinct antidotal effects were ob- 
tained. One rabbit each, was used in these experiments. The animals that re- 
ceived hypophosphite and acetate 5, 10 and 15 minutes afterward lived, 29, 65 
and 9 days respectively. Those that were given hypophosphite and hydrogen 
peroxide 5, 10 and 15 minutes afterward, lived 15, 28 and 60 days respectively, 
while of the animals that were given Carter’s antidote 5, 10 and 15 minutes after- 
ward, died after 65, 74 and 100 days respectively. Inasmuch, as quite a number 
of these animals died of rabbit pneumonia, and as only one animal was used for 


each of these tests, the results do not permit conclusions as to the relative merits 
of these antidotes. They do, however, prove conclusively that antidotal effects 
can be obtained from all of them, when they are administered some time after 
the poison. This, as we have seen (Cf. Table 5) was not the case with egg al- 
bumen, as that proved quite worthless when given 10 and 15 minutes after the 
poison. 


CONCLUSIONS. 


1. Egg albumen is of little value as an antidote to mercuric chloride, unless 
it is given immediately after the poison is swallowed. Milk and serum albumin 
are worthless. 

2. Hall’s solution (potassium iodide and quinine), is useless as an antidote. 
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3. Sodium bicarbonate and sodium acetate possibly have a moderate anti- 


dotal value. Sodium carbonate is of no value. 

4. Potassium bitartrate and sodium sulphate have no antidotal value. 

5. Stannous chloride has little antidotal value. 

6. Calcium sulphite is probably too toxic to be of use as an antidote. 

7. Sodium phosphite alone has no antidotal value; but mixed in a certain 
proportion with sodium acetate (Carter’s antidote) it is of remarkable anti- 
dotal efficiency. 

8. Sodium hypophosphite mixed with a certain proportion of sodium 


acetate or of hydrogen peroxide is also highly efficaceous as an antidote. 


TREATMENT RECOMMENDED. 


As the result of my studies, I would recommend the following antidotal 


treatment for mercuric chloride poisoning: Immediate administration of anti- 


dote, either Carter’s antidote, a tablet composed of sodium phosphite, 0.36 gm. 
and sodium acetate 0.24 gm. If this be not available, 1 would give the following 


Sodium Hypophosphite 1.00 gm. 
Water 10.00 mils. 
Hydrogen Peroxide 5.00 mils. 


If the amount of the poison taken be known, ten times as much of the 
hypophosphite should be given as poison was taken. As this might require a large 
and possibly harmful amount of hypophosphite, it should immediately be fol- 
lowed by copious lavage, with a very dilute solution of the antidote. This may 
be followed by a safe dose of the antidote, which is to be retained, and which 
might be repeated every eight hours for several days. 

This antidotal treatment might be combined with some such eliminant treat- 
ment as that recommended by Lambert and Patterson,’ excepting that sodium 
acetate might be preferred to the potassium bitartrate given by stomach, because 


of its superior antidotal value. 
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BENCE-JONES PROTEIN* 


A PRELIMINARY REPORT. 


3y W. A. Groat, M.D., AND R. K. Brewer, M.D., 


SyRACUSE, NEW YorK. 


: ie subject of the study of which this is the preliminary report is a man 
37 years old, referred to one of us by Dr. W. H. Kidder, of Oswego, 
N. Y., because of a peculiar albumin reaction found in his urine. This albumin 


was found by one of us to be Bence-Jones protein, and arrangements were made 


whereby the patient voluntarily put himself under full control in hospital and 


study of his case and condition was undertaken and is under way. 


Reference to literature has revealed to us no case in which definite associa- 


tion with kidney change has been proved. In fact, the observations are, in the 


main, that serum albumin proper is not present. However, Hopkins and Savory! 


although stating that in none of their three cases was there evidence of a 
nephritis, did find, in the only one of these which went to autopsy, definite post- 
mortem evidence of interstitial kidney change. Folin and Denis? note the 
regular appearance of a few hyaline and granular casts, but they also state 
there was no clinical evidence of nephritis. Taylor and Miller in a recent 


article* report complete absence of serum albumin in their case. Their method 


of testing, however, we believe may be open to question, so far as proof of 


absence of serum albumin is concerned. Recognizing the fact that traces of serum 


albumin are not easily proved up in otherwise normal urine, we cannot regard 


complete clearing of the urine when boiled with nitric acid, as they suggest, 
as proof of the absence of small amounts of true serum albumin, since the reso- 


lution of traces of serum albumin in hot nitric acid is accepted fact. Further- 
more, using the method of Hopkins and Savory', heating with acetic acid for 


two hours at 60° and cooling on ice to give an albumin free filtrate, we find 


that in our case all the Bence-Jones albumin is not thereby removed. With 


these observations in mind, and with the facts as regards the finding and proving 
of traces of serum albumin and the differentiation of questionable reactions from 
those of so-called nucleo-albumin, et cetera, under like conditions, we form the 


opinion that the presence or absence of true serum albumin and kidney change 
have not yet been proved. A reference to the complete work of Hopkins and 


Savory!, showing the varying behavior of Bence-Jones protein in their three 


cases with graded amounts of salt and acid, clearly shows how Bence-Jones pro- 


tein may complicate the matter of proof of the presence or absence of serum 
albumin. We, therefore, have approached the matter from a new angle; and 
briefly, we find in our case an exeretion of but 20 per cent of phenolsulphon- 
phthalin, with a blood pressure of 130 to 135, ina man anemic and much depleted. 
Typical urine analyses with complete nitrogen partition, together with the blood 
analysis showing nitrogen retention, are tabulated below. 


*From the Hazard Memorial Laboratory, Syracuse Hospital for Women and Children, and the 


Chemical Laboratory, College of Medicine, Syracuse University. 
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ANALYSIS 


Non Protein N=81.9 
Urea N 40.8 Creatinine 2.1 
Uric Acid 6.2 Creatine+creatinine 


UrINE ANALYSES. 


17.56 Total N 16.55 
12.42 Non Protein N. 10.20 
5.14 Protein N. 6.35 
32.38 Bence-Jones Protein 38.17 
10.38 Urea N. 7.45 
31 Ammonia N. 
23 Uric Acid N. 30 
67 Creatinine N. 63 
None Creatine None 


Briefly stated, our case seems to be a quite typical one clinically as regards 
The urine shows a few hyaline and granular casts as 


general symptomatology. 
has been noted in previous cases, but no ordinary clinical evidence of a nephritis. 
The quantity of the protein has varied from 32.4 to 41.3 grams in 24 hours, 


irrespective of diet. 
It is not difficult to understand how the excretion of such an amount of an 


abnormal urinary constituent could cause true kidney change. Our case ap- 
pearing to be a typical one and taking particular note of the interstitial kidney 
change found in the one case at autopsy,’ and finding of hyaline and granular 
casts in other cases, notably Folin and Denis,? our findings of a nitrogen 
retention, while standing alone as far as we can find from the search of litera- 
ture, are, nevertheless, also the only instance we find in which such determina- 
tions have been reported, and taken altogether, are, we believe, of particular in- 
A full clinical report and a full report of laboratory study now under 


terest. 
way are to appear. This is but a preliminary report. 
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DETECTION OF SMALL AMOUNTS OF BLOOD 


By T. H. M.D., Cincinnati, Onto. 


HERE have been many attempts made to devise methods which would ac- 
curately indicate the presence or absence of blood in fluids, stains, ete., 
but as yet no chemical method, with one exception, has been evolved which will 
enable us, without confirmatory examinations, to say definitely that we are deal- 
ing with blood, whatever its origin. The exception is the hemin crystal test of 
Teichmann, which is specific for hemoglobin; this is not delicate enough to detect 
such minute quantities of blood as we have to deal with in certain pathologic 
urines, stools, ete. 

The diagnostic importance of the presence of blood in certain of the human 
excretions or secretions, is certainly not less than its significance in stains, ete. 
in forensic medicine, and so the knowledge of the value and technic of the var- 
ious tests becomes a necessity to every man in medicine. 

The most widely used test in all probability is the guaiac test, which was 
introduced first by Schonbein! in 1856. This test depends, as do all others which 
have been extensively used, upon the fact that hemoglobin, or its iron contain- 
ing derivatives, in the presence of oxygen acts as an oxygen carrier, thereby ox- 
idizing certain colorless compounds into one showing distinct color. The other 
substances which have been used in this type of test are aloin, benzidine, the 
leuco-base of malachite green and phenolphthalin. 

There has been, and _ still is, considerable question as to the exact method 
by which the blood is able to bring about the oxidation of these chromogenic 
substances in the presence of oxygen. Delearde and A. Benoit? think that the 
blood acts as a peroxidase. Kastle and Amoss* have called it the “peroxidase 
activity” of the blood, citing the facts that blood differs in its reactions from 
peroxidases in that it does not lose the oxygen carrying activity after boiling, 
and that it reacts in such concentrations of alkali as would destroy most, if not 
all of the true peroxidases. Further, the activity was found to vary with the 
hemoglobin content. It has also been shown that the oxygen carrying activity 
of the blood persists after boiling and treatment with acids and alkalies, until 
the blood pigments are deprived of their iron (Mortessiert, Czyhlarz and von 
Furth’, Lesser®, Whitney’). Kastle’ gives an hypothesis which supposes that the 
iron-containing blood pigment combines with the peroxide of hydrogen to form 
a compound which gives up its oxygen to the chromogenic substance more easily 
than the peroxide itself, resulting in the production of a dye of a given color. 

There have been objections urged against these tests because of the fact 
that certain substances other than blood have been shown to give the guaiac or 
similar reactions. Kastle*, in his monograph, gives a list, occupying three pages, 
of substances which have been found to give these reactions, the most important 
clinically being pus, milk, saliva, bile and feces (after meals containing raw or 
cooked meats or foods containing blood). Also of occasional importance clinic- 
ally are the salts of iron and mercury. Needless to say, in the performance of 
these tests the clinician must do his best to assure himself that these sources of 
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error are eliminated as far as possible before the test is attempted. In test- 


ing for blood in feces we must be certain that the patient has not been 
eating meat recently. This can be accomplished by putting him upon a meat 
free diet, and marking the beginning o 
which will color the feces, thereby marking the commencement of 


f this regime by a dose of charcoal, car 


mine, ete., 
meat free stools. 

The technic of the guaiac test is as follows: A part of the material to be 
tested is thoroughly mixed with one-third of its volume of glacial acetic acid, 
and then an equal part of ether is added and the mixture well shaken. The 
ethereal extract thus made is permitted to separate, a few drops of alcohol 
often materially hastening the separation. The ethereal extract is poured off 
into a clean test tube and ten drops of a freshly prepared tincture of guaiac 


(alcoholic solution of gum guaiac 1:5) and 20-30 drops of ozonized (old) tur- 


In the presence of blood the mixture assumes a voilet blue color 


pentine added. 
The color may be more 


and in its absence it turns red-brown or greenish. 
definitely seen in doubtful reactions by adding a little chloroform, shaking the 
mixture well, and allowing the chloroform to settle out. The chloroform ex- 
tracts the blue pigment, and is distinctly colored by it. 

According to Weber" potato and other starches, as well as bile, milk, saliva, 
pus and preparations of iron produce the blue coloration, and he recommends 
the acid-ethereal extract as outlined above, saying that this procedure obviates 
the above errors. 

There is a modification of the test which makes it somewhat more con- 
venient, and often renders the reaction more distinct in doubtful cases. Instead 
of using old turpentine, the tincture of guaiac is freshly prepared and 5 c.c. 
placed in a test tube. Two or three drops of a 3 per cent solution of hydrogen 
peroxide are added to this and then a few cubic centimeters of the ethereal 
extract to be tested is lavered above it. If blood is present a blue ring forms 
at the line of contact within a minute or two, and if blood is absent only a very 
slight brownish discoloration appears and often none at all. The colored ring 
is very easily seen if present, there being very little production of other pig- 
ments to obscure the color. 

Boas'® says that this test is not decisive in the feces since the blue is often 
overshadowed by the browns, and he recommends the use of aloin as suggested 


by Klunge, Schar and Rossel. 

This test is performed according to Rossel" as follows: 5 e.c. of stool 
are extracted with ether to remove any fats which may be present, as they inter- 
fere later by the production of emulsions. After removal of the ether extract 
3-5 c.c. of glacial acetic acid are added to the feces, and this mixture is again 
extracted with ether. This acid-ethereal extract is now used for the test. As 
much aloin as can be placed upon the tip of a pen-knife is dissolved in 3-5 c.c. 
of 70% alcohol and 10-15 drops of this solution are added to the acid-ethereal 
extract after first adding to it 20-30 drops of resinous oil of turpentine, or ac- 
cording to Brandenburg, a dilute solution of hydrogen peroxide. In the presence 
of blood, the mixture rapidly becomes bright red, later assuming a cherry color. 
In the absence of blood, it becomes reddish only after an hour or two. According 


to Boas, the reaction can be hastenéd by adding a few drops of chloroform. 
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This test can also be performed as in the modification of the guaiac reaction. 

The benzidine reaction is done as follows: As much benzidine as will go on 
the end of a small knife is placed in 2 c.c. of glacial acetic acid and shaken. A 
piece of feces the size of a pea is placed in 5-10 ¢.c. of water and boiled, the test 
tube being closed by cotton. Then 10-12 drops of the benzidine solution are 
placed in a test tube and 2-2.5 c.c. of 3% hydrogen peroxide added. 1-5 drops 
of the boiled feces are added, greenish or blue color denoting presence of blood, 
and appearing in two minutes if blood is present in dilution of 1-200000. This 
test is 5-10 times more delicate than the preceding ones. 

In 1903 Meyer!” used phenolphthalin as a reagent for leucocytes. In the 
same year Utz'* used a solution of phenolphthalin in sodium carbonate for the 
determination of blood in legal investigations. In 1906 Kastle and Amoss* used 
an alkaline solution of phenolphthalin to determine the oxidizing power of blood 
in health and disease. They showed that both its oxidizing power and its per- 
oxidase activity (its power to induce the oxidation of phenolphthalin by hydrogen 
peroxide in alkaline solution) depended directly upon its hemoglobin content. 
Delearde and A. Benoit in 1908 found an alkaline solution of phenolphthalin to 
be more sensitive than guaiac or aloin as a reagent for blood. 

Phenolphthalin is the colorless compound of phenolphthalein and on oxida- 
tion is converted into phenolphthalein. Pure phenolphthalin is colorless in alka- 
line solutions, but on adding alkali to it after oxidation, or on oxidizing it in 
alkaline solution, the deep purplish-red color of phenolphthalein is produced. 
Considerable difficulty has been experienced by workers in this field in the 
preparation of the reagent, but Kastle* says that by the following method phenol- 
phthalin can be prepared which is very stabile if kept in glass stoppered bottles 
in dark closets. The method which he used is given in his own words: ‘Phenol- 
phthalein is dissolved in a considerable excess of 300¢ sodium hydroxide solution 
and boiled with an excess of zine dust until a few drops of the strongly alkaline 
liquid no longer give the color of phenolphthalein after neutralization with 
hydrochloric acid and the addition of sufficient alkali to give a slightly alkaline 
reaction. The solution is then decanted from the excess of zinc dust and the 
phenolphthalin precipitated by acidifying with hydrochloric acid. The substance 
is then collected on a filter and purified by several crystallizations from water 
and alcohol in the following manner: The phenolphthalin is dissolved in the 
smallest quantity of boiling alcohol in which it will dissolve, filtered if necessary, 
and cold water gradually added with constant stirring until the compound is 
precipitated out as a white crystalline precipitate. From three to five crystal- 
lizations are carried out in precisely this manner, and in this way the phenol- 
phthalin is finally obtained in the form of a white crystalline compound free 
from all traces of phenolphthalein. It may then be dried in the air at ordinary 
temperature or on the hot plate or in the oven at temperatures ranging from 
50° to 80° C. In handling and drying the compound it is necessary to keep it 
out of contact with all metallic surfaces, and also to prevent access of dust and 
impurities from the laboratory.” 

Phenolphthalin can now be purchased in the market, however, thus obviat- 
ing the necessity of making the substance for use in the clinical laboratory. 


The reagent phenolphthalin may be used for the detection of blood in either 
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one of two ways or both—1i. e., as the alkaline phenolphthalin or as the alkaline 


phenolphthalin-hydrogen peroxide solution. 
The alkaline phenolphthalin reagent is prepared as follows according to 
To 21 cc. of N10 sodium hydroxide is added 0.032 gram of phenol- 


Kastle 
In the absence of a 


phthalin, and then enough distilled water to make 100 c.c. 
delicate balance Kastle says that the following method may be followed: 1 c.c. 
of N/10 sodium hydroxide is placed in contact with somewhat more phenol- 
phthalin than will dissolve in it, diluted with 10 to 20 ¢.c. of water, filtered and 
then to the filtrate is added 20 ¢.c. of N. 10 sodium hydroxide and enough distilled 


water to make 100 ¢.c. This can be done because the phenolphthalin is insoluble 


in water and 1 ¢.c. of N 10 sodium hydroxide neutralizes exactly 0.032 gram 
of the reagent. 

The alkaline phenolphthalin-hydrogen peroxide reagent is prepared as fol 
lows (Kastle*). The procedures are the same as for the former reagent except 
that in making all the solutions, water must be used which has been redistilled in 
glass vessels, since occasionally small amounts of copper from the still will 
solution is made 0.1 c.c. of 


produce a positive reaction. After the alkaline 
In ordinary prac- 


M 1 hydrogen peroxide is added betore diluting to 100 c.c. 
tice it is sufficiently accurate if 0.1 ¢.c. of the 3% commercial hydrogen peroxide 
is used. This solution, if kept in the dark in glass stoppered bottles at ordinary 
temperature, will remain practically colorless for 48 hours. 

In clinical practice the alkaline phenolphthalin reagent may be used and a 
drop of peroxide added at the time of making the tests. The test for blood is 
made by mixing one part of the material to be tested and two parts of the 


reagent. After five minutes the alkaline phenolphthalin reagent containing 


hydrogen peroxide should show color in the presence of. very small amounts of 


blood. 
Kastle was able by very careful technic to detect the oxidizing effect of 
0.000000038 gram of blood in a total dilution of 3 ¢c.c. or approximately 1 part of 
blood in 80,000,000 parts of water. He was able to measure colorimetrically the 
oxidizing power of blood at a dilution of 1 to 8,000,COO parts of water, this taking 


into consideration the volume of the reagent also. It was also possible to detect 


8 parts of blood in 1,000,000 parts of urine. 

However, the presence of other organic substances renders the test much 
less delicate than this, though it still exceeds greatly the sensitiveness of guaiac 
and benzidine. The retarding effect can be partially removed by utilizing the 
fact that blood pigments are absorbed by aluminum hydroxide, as first shown 
by Rose. Three or four drops of thick alumina cream are mixed with the sus- 
pected fluid and the mixture shaken well, filtered and the residue washed with a 
little distilled water. The residue is then used to perform the test. 

Thus, in the phenolphthalin reagent we have an extremely delicate test for 
blood, and while there are many substances which also produce the reaction, 
their occurrence in the various secretions and excretions which are of interest to 
the clinician is rather uncommon, at least in quantities large enough to disturb 
the results. If there is any doubt, it can very often be settled by the behavior of 
the substance toward both the reagent containing peroxide and the one without 
Blood has the power of oxidizing phenolphthalin either in the presence or 


it. 
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absence of hydrogen peroxide, while the other substances vary in their activity 


toward one or the other reagents, none of them showing oxidizing power toward 


alkaline phenolphthalin, with and without hydrogen peroxide, comparable to 
blood 
|. Boast! has recently described an improvement of the phenolphthalin re- 


action for the demonstration of occult blood in the feces and stomach contents. 


He uses a phenolphthalin solution prepared by adding 1 gm. of phenolphthalin 


to 100 c.c. of distilled water in which 25 ¢. KOH have been dissolved. This solu- 


tion which is not colorless is then heated with the addition of metallic zinc until 


it is colorless, this procedure usually requiring 1-2 hours. ‘The solution 1s 


cooled, brought up in the original volume and filtered. It will keep for sev eral 


weeks. 
In making tests of feces, a glacial acetic acid-alcohol extract of the feces is 


made, using a mixture of 5 drops of glacial acetic acid to 15-20 g. of alcohol. 


Fifteen drops of the phenolphthalin reagent are put in a test tube, 5-6 drops 


of 36 hydrogen peroxide, and 2 ¢.c. of absolute alcohol are added, and the 


mixture shaken. ‘The acetic acid-alcohol extract of the feces is run in slowly 


along the side of the test tube in order to obtain good stratification, and if blood 


is present in the feces, a pink to deep red ring is formed at the line of contact. 


This test performed in this manner is very sensitive for the examination of feces, 


but if stomach contents are to be examined they must be extracted with a 


mixture of glacial acetic acid and ether. 
Good results may be obtained by testing glacial acetic acid-alcohol extracts 


of stomach contents with guaiac tincture. 
These are the most widely known and reliable tests for occult blood that 


we have, and, though all of them give positive reactions with substances other 


than hemoglobin, exclusion of these other substances which are known to give 


the reactions enables us to say that in the presence of a positive reaction we are 


dealing with derivatives of blood. ‘This means careful attention to the methods 


of obtaining specimens for examination, accuracy in the performance of these 


reactions, and intelligence in the interpretation of results. 
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THE TEMPERATURE REACTIONS IN: ANAPHYLANIS* 


By Maurice Suite, M.D... ANN Arpor, Micu. 


REHI,' in 1895 studying the temperature effects of different proteins intro- 


kK 
\ duced parenterally in animals noticed that “used animals” responded with 
animals that had not been 


a greater rise in temperature than fresh animals, te., 
treated with proteins previously. 


Vaughan and his collaborators* * investigated the question of protein tever 


in its various phases. They showed that various types of clinical fever curves 
can be produced in animals by properly regulated repeated injections of foreign 
proteins. Vaughan‘ points out that “the effect of protein injections on the tem- 
perature is more prompt and marked in sensitized than in fresh animals.” 

Pteitter’ found that animals reinjected with a sublethal dose of a foreign 
protein to which they had been sensitized about two weeks previously, showed a 
considerable tall of body temperature. 

Later Friedberger and his co-workers further investigated the question of 
sensitization and its phenomena bearing on variations of body temperature. Fried- 
berger and Mita® showed that while animals respond with a slight rise in tem- 
perature on the subcutaneous, intraperitoneal or intravenous injection of foreign 
sera in suitable doses, the reaction is much more marked with infinitely smaller 
doses if the animal had been previously sensitized to the sera. They found, 
for instance, that the anaphylactic index, i.e., the ratio of the least effective dose 
in non-sensitized animals to the least effective dose in sensitized animals may 
be as high as one million, if sheep serum is injected intraperitoneally into guinea- 
These authors express the belief that the sensitized animal has acquired an 
react owing to antibodies formed during the 


pigs. 
enormously increased capacity to 
incubation period following the preliminary injection of the foreign protein, these 
antibodies now effecting a very rapid breaking up of the reintroduced foreign 
protein into fever producing substances, a view which had been previously ex- 
pressed somewhat differently by Vaughan‘ in explanation of the mechanism of 
anaphylaxis. The above named authors also point out that this reaction in vivo 
is essentially the same as that occurring in vitro, resulting in the formation of 
an anaphylatoxin which is capable of producing a rise in temperature if injected 
into an animal. They also showed that there is an absolute specificity of the 
different sera in producing the anaphylactic changes in temperature. 

More recently Friedberger and his co-workers* showed that the temperature 
phenomena of active sensitization are equally true of passive sensitization, the 
anaphylactic interval, i. e., the period between the injection of the immune serum 
and the antigen, being very much shorter in the latter. 

As to the modus operandi of the temperature reactions in anaphylaxis there 


Friedberger who studied temperature 


seems to be no satisfactory explanation. 
9 


reactions following the injection of various inorganic salts in normal animals, 
and in animals sensitized to foreign proteins* finds that sensitization does not 
affect the animal in responding to the injection of salts, apparently the two phe- 


‘From the Phat gi University of Michigar 
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nomena being of a different nature. This author suggests that in anaphylactic 
fever there is usually a cutaneous vasoconstriction, the blood being thereby di- 
verted to the internal organs with consequent lessened dissipation of body heat. 
Whether this is the sole factor in the production of fever, or whether there is also 
increased heat formation by either a direct action on the heat centers, or in- 
directly by increased metabolism, owing to augmented movements of various 
smooth muscle tissues, which have been shown to occur in anaphylactic reactions, 
remains an open question. 

In favor of the assumed decrease of heat loss which may at least partly 


account for the rise in temperature, speak the researches of Pearce and [isen- 

bray?” who studied the mechanism of anaphylactic shock produced by the rein- 
pny 

jection of horse serum in dogs, and Edmunds" who investigated the same prob- 


lem on the injection of Vaughan’'s “casein poison” in dogs. These authors find 
a fall in blood pressure due to a peripheral paralysis of the splanchnic vessels, 
which with the assumed constriction of the cutaneous vessels would be very 
etfective in conserving body heat. 

Hashimoto’? injected the antigen in sensitized animals intracerebrally or 
directly into the “heat center” and finds that a very much smaller dose ot 
antigen when thus applied locally is effective in producing the temperature changes 
than when injected intravenously. From this he concludes that the action of the 
antigen in producing fever is on the heat centers, the exact mechanism, however, 
being obscure. 

This research was undertaken with a view of ascertaining if possible the 
more immediate causes responsible for the temperature changes observed in 
anaphylactic animals. We are not concerned with the remote causes. In other 
words, the purpose of this research is not to investigate the mechanism of ana- 
phylaxis, but rather to learn more definitely the mechanism that causes the 
anaphylactic temperature changes. Is the anaphylactic rise in temperature due 
to increased metabolism, or is it the result of lessened heat dissipation? Is this 
fever comparable with neurogenic fever, or is it more in the nature of true in- 
fectious fever? What relation do such drugs as are generally held to depress the 
sensitiveness of the heat centers bear to this type of fever? It is questions of 
this character that an attempt is made to answer. 

Rabbits were used through this work. A preliminary series of experiments 
were performed to establish a definite procedure by which febrile reactions could 
be invariably elicited. The method finally adopted consists in the sensitization 
of the animal with two cubic centimeters of beef serum injected subcutaneously, 
allowing an incubation period of at least two weeks, and then reinjecting the 
animal with one-tenth cubic centimeter of beef serum, diluted with sterile nor- 
mal salt solution to one cubic centimeter, into one of the ear veins. ‘This pro- 
cedure never fails to elicit a rise in temperature of about one degree Centigrade 
or over within about two hours of the injection. ‘The temperature generally re- 
turns to normal in about four to five hours subsequent to the injection. A second 
rise in temperature may generally be elicited in the same animal on the same 
day or on the following day by a repeated injection of the antigen. Smaller 
doses of the antigen, e.g., one-hundredth cubic centimeter injected into sensitized 
animals, are just as certain in producing a rise in temperature, although generally 


a 
4 
ye 


not quite so high. Smaller doses than the last named are not certain in rabbits. 


lf on the other hand larger doses are given, e.g., half to one cubic centimeter, the 
animal may actually show a subnormal temperature associated with more or less 


marked symptoms of anaphylactic shock, depending on the size of the dose. 
wo cubic centimeters of beef serum injected intravenously into sensitized rab 
bits results in acute anaphvlactic death, according to Schtirer and Strasmann.' 


Che temperatures were always taken per rectum, the thermometer being intro- 


duced a distance of 6 cm. It is needless to say that with each series of experti- 
ments a sufficient number of controls were carried out simultaneously. 
[TEMPERATURE REACTIONS IN SENSITIZED ANIMALS WITH TRANSECTED CORD, 


Freund and his collaborators’: '™ showed that by transecting the spinal cord 
at ditierent levels one could exclude the chemical or metabolic factor on the one 
hand, or the physical factors on the other, involved in thermo-regulation. ‘They 
showed that dividing the rabbit’s cord in the thoracic region results merely in a 
physical disturbance of heat regulation. If such an animal is subjected to a low 
external temperature there is more loss of heat than can be compensated for by 
the increased metabolism, which actually takes place under the circumstances. 
Such an animal does, however, maintain its body temperature within wide limits 
of external temperature (8° to 30° C.). If the cord is divided in the cervical 
region the animal becomes poikilothermic, according to these investigators. Both 
the chemical as well as the physical factor in thermo-regulation are disturbed and 
the animal is entirely dependent upon its surrounding temperature. It was 
thought, therefore, that the reaction of sensitized animals with transected cord 
to the reinjected antigen might give, if not final proof, at least a suggestion as to 
the nature of the anaphylactic febrile reaction. 

Sensitized rabbits were lightly anesthetized with ether and under aseptic 
precautions had their spinal cords transected at definite levels. After the oper- 
ation the animals were properly cared for, were kept warm at fairly constant 
room temperature (20°-22° C.), and were under observation for from 24 to 48 
hours before the effects of the reinjected antigen were studied. 

It may be observed on passing that the animals with severed cord below 
the cervical region recovered from the operation shortly and appeared quite 
normal thereafter, except for the paralysis of the hind legs, bladder and the 
sphincters. 


The protocols of the experiments are detailed below. 


Exp. 17. Rabbit, sensitized Dec. 6, 1915 
Dec. 29, 12 m Temp. 39.1 Ether. Transected cord at thoracico-lumbar region 
Dec. 30, 1 p. Mm. Temp. 38.7 Injected 0.1 c.c. beef serum intravenously. 
2 « 
38.3 
5 38.1 
8 37.8 
Dec. 31, 10 A. M 37.8 


( 
“37.7. Injected 0.05 c.c. beef serum intravenously. 
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Exp 20 
Dec 
Dec. 


Bap. 22. 


Dec. 
Dec 


Exp. 24. 


Jan. 
Jan 


Exp. 26. 


Jan 
Jan. 


Jan. 


Exp. 27. 


Jan. 
Jan. 


Exp 
Jan. 
Jan. 


Summarizing the results of the above experiments it would seem that de- 


29 
30, 


28. 
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Rabbit, sensitized Dec. 7 


29, 


30, 10 A 
lp 
4 
Ss 

31, ll A 
lp 
4 
6 


M. Temp. 39.1 
M. 38.9 
M 38.9 
37.9 

38.3 

M 38.3 
M 37.1 
38.3 
38.3 


1915. 


ther. 


Injected 0.1 c.c. 


Injected 0.2 c.c. 


Rabbit, sensitized Dec. 9, 1915. 
Ether. 


l 
4 


Rabbit, sensitized Dec. 


42 

4. A. 
12 m 
Af 
4 


Rabbit, sensitized Dec. 


3 p. M. Temp. 39.3 


38.6 

38.4 
“38.4 


M. Temp. 39.1 
M. 
37.9 
M 37.9 
‘ 


Injected 0.1 c.c. 


Ff, 


ther 


Injected 0.02 c.c. 
Injected 0.1 c.c. 


Y, 


905 
Transected cord at thoracico-lumbar region. 


beef serum intravenously 


beef serum intravenously 


Transected cord at thoracico-lumbar region. 
beef serum intravenously. 


1915. 


Transected cord at thoracico-lumbar region. 


beef serum intravenously. 
beef serum intravenously. 


1915. 


Ether. 


Injected 9.01 c.c. 


ii, 


1915 


Transected cord at 6th thoracic. 


beef serum intravenously. 


Transected cord at 2d lumbar. 


Injected 0.1 c.c. beef serum intravenously. 


Injected 0.05 c.c. beef serum intravenously. 


II, 1915. 
Ether. 
Injected 0.02 c.c. beef serum intravenously. 


Injected 0.1 c.c. 


II, 1915. 
Ether. 


5, 2 Pp. M. Temp. 39.1 
7,10 aA. Mm. “30.9 
11 31.0 
30.8 
“29.6 
Rabbit, sensitized Dec. 
3, 3p. Ether. 
4, 2p. mM. Temp. 38.9 
5 “39.1 
5, 10 a. 38.9 
12 
= “40.0 
Rabbit, sensitized Dec. 
3, 4 Pp. Temp. 39.1 
4, 12 . “38.9 
2P.™M “39.4 
5 39.6 
* “40.3 
Rabbit, sensitized Dec. 
5, 2p. M. Temp. 39.2 
7, 11 A. 
2P. M 27.5 
4 27.0 
* “ 27.8 


Injected 0.01 c.c. 


Transected cord at Ist lumbar. 


beef serum intravenously. 


Transected cord at 8th thoracic. 


beef serum intravenously. 


priving the animal of its physical forces normally concerned in thermo-regulation, 


as is done by transecting the cord in the thoracic region, is sufficient to render 
the animal unable to develop fever under the influence of the antigen, if it is 


assumed that the effect of the antigen in producing a febrile r 
nature of stimulation of the higher vasomotor centers. 


action is in the 


Two experiments, not 


Dee. 
“ 
“ 
5 
q 
25. 
Lixp. 23. 
Jan. 
Jan 
= 
| 
ae 
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recorded, in which the cervical cord was severed showed essentially the same 
results as those obtained from the division of the thoracic cord, viz., absence of 
febrile reaction from the antigen, but a reduction of temperature. It is there- 
fore unnecessary to assume augmented metabolism to be the cause of anaphylac 
tic fever, although it may act as a contributory factor. Incidentally, the results 
obtained here are in accordance with the work of Nebelthau, who was unable to 
produce infectious fever in rabbits whose cords were divided in the cervical 
region. 

The fall in temperature in some of the cited experiments must be regarded 
in the same light as the reduction in temperature following the reinjection of 
relatively large quantities of the antigen in normal sensitized animals. It must 
be looked upon as a manifestation of collapse, resulting probably from anaphy- 
lactic shock of greater or less severity. Why animals with divided cords should 
be so much more susceptible to the antigen than normal animals is not clear, 


and must be the subject of further investigation. 
EFFECT OF MORPHINE ON ANAPHYLACTIC FEVER 


It is generally held that morphine in small doses lessens the sensitiveness of 
the heat centers. Stern'® found that tetrahydro-@-naphthylamin is ineffective in 
producing fever after morphine. Hashimoto’ has recently come to a similar 
conclusion by an even more direct method. He found that morphine given in 
doses of 9 to 14 mgm. per kilo. subcutaneously to rabbits with “heat puncture” 
fever lowers the temperature of the animal, and heating or cooling of the cen- 
ters is without effect. It was thought interesting to see what effect morphine 
would have on anaphylactic fever. A number of rabbits were sensitized on 
January 19 with two cubic centimeters of beef serum subcutaneously. During 
February 8 and 9 these animals were tested with the antigen injected intra- 
venously. Morphine sulphate was injected in doses of from 3 to 5 mgm. per 
kilo. subcutaneously about 15 minutes previously to the reinjection of the antigen, 
to allow sufficient time for the drug to depress the heat centers. In every case 
was there a definite fall in temperature, as it appears from the table, developing 
to a maximum within about two hours and returning to normal within about four 
hours of the injection of the antigen. If after the temperature returned to nor- 
mal a second injection of antigen was made without morphine, a typical rise in 
temperature followed, exactly the same as in the controls. If however a second 
injection of antigen was preceded by one of morphine, a fall in temperature again 
occurred. No symptoms whatever could be detected from the morphine, and 
normal animals treated with like doses of the drug showed no effects whatever 


on their body temperature. 


BLE SHOWING THE EFFECT OF MORPHINE SULPHATE ON ANAPHYLACTIC FEVER 
Exp. No Morphine sulph. Beef serum Temperature changes 
mem. per kilo. in ¢.c. 

30 5 0.1 1.0 

31 5 0.1 -0.6 

32 3 0.1 0.5 

33 3 0.1 0.5 

34 3 0.01 0.6 

35 a 0.01 0.6 

37 5 0.01 0.2 
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It is evident therefore that morphine not only completely prevents the ana- 
phylactic rise in temperature, but actually causes the reinjected antigen to lessen 
body temperature in sensitized animals, and produces a condition analogous to 
that obtained by separating the higher centers from the spinal cord. 

It is noteworthy that the failure to obtain a rise in temperature from the 
reinjection of the antigen atter morphine is parallel to the findings of Mendel- 
son'® who was unable to produce fever in dogs through pus injections when the 


animals were under the influence of morphine. 
GLYCOGEN CONTENT AND ANAPHYLACTIC FEVER 


It is a well recognized fact that experimental fever may be induced in ani- 
whereby the 


mals by the “heat puncture’ operation of Aronsohn and Sachs,’ 
corpora striata are injured. This type of experimental fever has been the sub- 
ject of a great deal of investigation. Rolly’ studied the problem of “heat punc- 
ture” fever with relation to the glycogen content of the liver and muscles, anil 
he was able to show that the temperature of animals whose livers were freed 
from glycogen were unaffected by the operation of “heat puncture.” He fur- 
thermore showed that infectious fever could be induced in animals irrespective 
of their glycogen content. There is thus a vast difference between infectious 
fever and “heat puncture” fever, or as it is termed neuré yrenic fever. Lusk?! 
states: “The rise in temperature after puncture of the corpora striata. . . is 
like the glycosuria following Claude Bernard’s puncture, in that its mechanism 
is no more invoked in true infectious fever than are the nerve centers in diabetes 
mellitus.” 

The following experiments were undertaken to see what relationship there 
is between the febrile reactions in anaphylactic animals and their glycogen con- 
tent. Rabbits were sensitized in the usual manner, and after a sufficiently long 
incubation period they were made to fast for several days, and were subjected 
to strychnine convulsions for about two hours. After complete recovery, the 
animals were tested with the antigen to see whether they could still develop 
fever or not. At the completion of the test the animals were killed by a blow 
on the head, the liver and the muscles of the hind leg were immediately removed, 
weighed, and their glycogen content quantitatively determined according to the 
method described by Pfliiger.”” 

The method is briefly as follows: The tissues after having been removed 
from the animal and weighed are transferred into a casserol containing boiling 
1.7% KOH. This is kept boiling for half an hour, or until the tissues are thor- 
oughly digested. The whole amount or an aliquot portion thereof is neutralized 
with HCl, and Hgl, in dilute HCl is added as long as any precipitate continues 
to form. ‘[his is now filtered and washed. To the filterate two volumes of 96% 
alcohol are added, and the glycogen is allowed to separate out over night. The 
precipitate should be redissolved in 15° KHO, reprecipitated with Hgl, in HCl, 
filtered and washed, and the filtrate treated with alcohol, as above. Generally 
this is quite sufficient, but if there is any reason to suppose that not all the 
glycogen was washed out, the same procedure may be repeated a third time. On 
the following day all the filtrates containing the glycogen are filtered, the glycogen 
transferred to the filter paper, washed with alcohol, then with ether, and dried 
at 98°-100° C. to a constant weight. 


Pare 
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lixt 3 Rabbit, 1.82 kilo. Sensitized Jan. 19 


Keb. 7, fasting begun. 

Feb. 9, convulsions induced by the repeated injections of strychnine sulph. in 0.2 
mgm. doses given subcutaneously every 10 min. Convulsions were kept 
up about two hours. Fasting continued 


Feb. 12, 9 a. mM. Temp. 38.8 Injected 0.1 c.c. beef serum intravenously 


1 
ah. 


The animal was then killed, liver weighed 35 ¢m., muscles removed weighed 60 gm. 


Feb 13, elycogen determined : 


1. Muscles 0.03% 
2. Liver 0.45% 
Exp. 39. Rabbit, 1.52 kil Sensitized Jan. 19. 


Feb. 7, fasting begun. 

Feb. 10, strychnine convulsions lasting about two hours 

Feb. 11, 10 a. mM. Temp. 38.8 Injected 0.2 ¢.c. beef serum intravenously. 
| “38.8 
Z2P.M 39.9 

\nimal killed. Liver weighed 32 gm., 40 gm. of muscles removed. 


Feb. 12, glycogen determined : 


l. Muscles Trace 
2. Laver 0.075% 
Exp. 42. Rabbit, 1.92 kil Sensttized Jan. 19 
Feb. 8 fasting begun 


Feb. 12, strychnine convulsions lasting about two hours 
Feb. 16, 9 a. mM. Temp. 38.7 Injected 0.1 ¢.c. beet serum intravenously 


| 
ip. M 39.6 
© “39.0 


\nimal was killed. Liver weighed 36 gm. Muscles removed weighed 60 gm 
Feb. 17, glycogen determined 


] Muscles 0.03% 


2. Liver 0.2% 

\ survey of the outlined experiments shows that the rise in temperature in 
sensitized animals following the injection of the antigen is independent of the 
givcogen metabolism, for the promptness of the febrile reaction and the height 
it reached in these animals in which the glycogen content was reduced to a mini- 
mum amount compared with those of normal animals with normal glycogen con- 
tent. It was not possible, however, in these experiments to reduce the glycogen 
to zero, probably because during the period of rest following the strychnine con- 
vulsions small 
formed from the animal's own proteins which it metabolized. A different method 


unounts of glycogen such as have been found might have been 


was therefore resorted to in the hope of eliminating all traces of glycogen. 
Sansum and Woodyatt*’ have shown that fasting dogs are most effectively 
deglycogenized by phlorizinization and subcutaneous administration of epine- 
phrin at three hour intervals until the D:N ratio reaches a constant figure, or 
until the glycosuria is no more affected. This method was applied to rabbits that 
had been sensitized previously to beef serum. Upon the completion of the ex- 
periments the animals were killed, and the liver and muscles were examined for 


glycogen. 
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Exp. 47. Rabbit Sensitised June 20. 


July 10, fasting begun, 
11, phlorizin and epinepirin treatment bezun 
15.7 a. M. Temp. 38.8 Injected 0.1 cc. beet serum intravenously. 


Q * 40.0 
11 39.6 
Phe animal was then killed. No glycogen was 1 sand in the muscles, and a mere tract 
in the liver 
Exp. 48 Rabbit. Sensitised June 26 


July 10, fasting begun 
Tuly 14, phlorizin and epinephrin treatment begun. 
17, 10 a. Mm. Temp. 39.2 Injected 0.1 c.c. beet serum intravenously 
12 M 39.9 
39.2 
No glycogen was I und in either muscles or liver 
Exp. 51. Rabbit Sensitized June 29 
July 17, fasting begun 
19, phlorizimization begun 
21. 10a. mM. Temp. 39.3 Injected 0.2 ¢.c. beef serum int iwenously. 
12 M “40.1 
3 P.M * 
4 “ BA 


No glycogen was found in the muscles. The liver weighed 33 zrams, and contained 


0.1% glycogen 


Exp. 52. Rabbit. S¢ nsitized June 29 
July 17, fasting begun 
19, phlorizinization begun. 
21. 10 a.m. Ternp.38.8 Injected 0.2 c.c. beef serum intravenously 


12 M 10.3 
lp. M 40.7 
405 


No glycogen was found in the muscles. The liver weighing 38 grams contained 0.04% 


glycogt n. 


Exp. 53. Rabbit. Sensitized June 20 
July 17, fasting begun 
21, phlorizinization begun. 


24, 8 a.m. Temp. 39.1 Injected 0.2 c.c. beef serum intravenously. 
12 M “40.1 
2pm. “* 399 No glycogen was found in the muscles. The liver 


weighed 40 grams, and containg d 0.17% glycogen 


Exp. 54. Rabbit. S« nsitized June 29. 
July 17, fasting begun. 
21, phlorizinization begun. 
24. 8 a.m. Temp. 39.1 Injected 0.2 c.c. beef serum intravenously. 
pou. “ 39.1 No glycogen was found in the muscles, and but a mere 
trace in the liver. 


These experiments show quite conclusively that the anaphylactic rise in tem- 


perature has nothing whatever to do with the glycogen metabolism, and that it 


is of an entirely different nature from neuré wenic fever. 
[he relation of anaphylactic fever to the glycogen content of the animal, 
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its relation to morphine, a drug that depresses the sensitiveness o1 the heat 
centers. and finally its relation to the transection of the spinal cord, as pointed 
out earlier in the paper, make it at least highly probable that it is of the same 


nature as true infectious fever. 
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THE BEHAVIOR OF CERTAIN NITROGENOUS METABOLITES IN 
THE BLOOD IN: NEPHRITIS* 


By Howarp T. Karsner, M.D., CLEVELAND, ONTO. 


it has been known since 1836 that disease is accom- 

panied by an accumulation of urea in the blood yet it is only within the 
past few years that the subject has been studied intensively, the stimulus having 
been furnished by the development of methods for the determination of various 
nitrogenous bodies in small amounts of blood. Thanks for this service are due 
especially to Folin, Denis, Benedict, Marshall and Van Slyke. The purpose of 
this article is to summarize the numerous studies which have appeared on this 
general subject from clinics and laboratories more particularly in this country. 
Following a consideration of the results of certain studies on experimental ani- 
mals, the clinical work will be reviewed and correlated as far as possible with 
the symptomatology of Bright’s disease. The particular metabolites dealt with 
in this review are the total non-protein nitrogen, urea, creatinin and uric acid. 
The reason for omission of a consideration of the ammonia, amino-acids and 
undetermined nitrogen is that these substances, owing to difficulty in the methods, 
have not received very full study. 


t of Pathology of the Medical School of Western Reserve University 
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In experimental studies two methods of attack have been employed, opera- 
tive reduction of the amount of renal tissue and the use of various poisons or 
nephrotoxic agents to produce different forms of nephritis. Removal of one 
kidney from an animal leads to a slight accumulation of nitrogenous metabolites 
in the blood, which lasts for less than twenty-four hours. Removal of one kidney 
and half its fellow (three-fourths of the entire kidney substance) leads to a 
moderate accumulation which disappears in less than three days. Removal of 
both kidneys leads to a progressive accumulation which when plotted out yields 
a practically straight line of increase, the animal dying in three to four days. 
How much of this accumulation is due to the fault in excretion and how much 
is due to altered metabolism, particularly increased protein catabolism, is not 
known, That the latter process is of some importance in nephritis can hardly 
be doubted. 

The nephrotoxic agent which has received the most careful study is uranium, 
used either as the acetate or nitrate. Studies of dog, cat and rabbit have re- 
peatedly shown very material accumulation of total non-protein nitrogen and of 
the urea nitrogen. Other forms of experimental acute nephritis studied less ex- 
tensively are those produced by chromate, cantharadin, diphtheria toxin, specific 
hemolytic immune serum, arsenic and tartaric acid. Such experimental studies 
are difficult of interpretation because of the impossibility of producing a pure 
elomerular or pure tubular nephritis, as well as the fact that other organs are 
simultaneously attacked by the poisons. The opinion of the writer is that al- 
though undoubtedly the forms showing predominant involvement of the 
glomeruli may lead to very considerable accumulations of nitrogenous metabo- 
lites, yet on the whole the anatomical involvement of the tubular epithelium is dis- 
tinctly of more significance from the point of view of functional disturbance. 
lf such studies as these have failed to reveal much of fundamental importance 
yet they have served to blaze the way for the utilization of essentially the same 
methods for the study of human nephritis. 

\t the outset of the consideration of human nephritis it must be borne in 
mind that most of the studies have been made on cases, the diagnoses of which 
have not been controlled by post-mortem study of the kidneys. This is a fault 
which can be corrected only by many years of detailed study of cases both 
clinically and pathologically and will be much aided by co-operative simplifica- 
tion of classification by pathologists and clinicians. Chemical studies have been 
almost entirely confined to chronic nephritis of the type commonly called inter- 
stitial, rather than the acute forms of the disease. With the best technic it is 
difficult to believe that there is much possibility of very intimate correlation be- 
tween morphological lesion and functional disturbance, especially in view of the 
fact that carefully controlled experimental work has failed to yield much in- 
formation. Although from the point of view of evolution and embryology the 
kidney is a duplex organ made of glomeruli and tubules yet the human kidney 
appears to operate functionally as a unit, disturbance of one constituent of which 
is invariably accompanied by greater or less disturbance of the remaining con- 
stituents. 

It can safely be said that the presence of Bright’s disease leads sooner or 
later to an accumulation of the total non-protein nitrogen of the blood and that as 


12 nal of Labor ana cdicin 
ili e urea tracuio ares in the accumulation. Indeed the latter usually 
: vs a nsiderably greater percentage increase than the former. It must be 
nembere owevel rie net Without exception and Cases ol 
eph \ ell recognizable by ordinary clinical study and fail to how 
I 1 ogen ol the blo tors ol considerable 1! port- 
ance the estimation are the mitrogen alk iter intake. for it has been shown 
at rease or decrease of nitrogen in the diet \ il similarly affect the blood ot 
ep s and in the same way “dehydration” will increase and marked “hydra 
decrease the relative amount of nitrogenous metabolites in the blood. 
Creatinn though readily excreted by the kidney under normal conditions, 
show con erable increase 1 vw blood of nephritics although with not 
ui UTCAL stancy as the nitrogen OF the urea. This tact, howevel ~ would 
mpress one \ he pt ble prognostic significancs of a distinct increase ot 
easily soluble and readily excreted body. On the other hand the relative 
nsolubility of uric acid and its corresponding diffi ulty of excretion are Tr fected 
according to the work of V. C \vers in an accumulation of this b dy early in , 
iw course of certain types ot nephritis. In tact tt ts stated that “as the pet 
meability of the kidney 1s lowered, 1n the typ of cases studi d. it becomes ap 
parent first by a retention of uric acid later by that of urea, and lastly, by 
reatinin, ducing a ‘staircase effect 
fhe accumulation of mitrogenous metabolites is not confined to the blood, 
for the other tissues of the body with the exception of the urinary tract show 
a irke uniformity of distribution of urea, creatinin and uric acid 
The striking manifestations of chronic nephritis, in addition to disturbances 


f water output, albuminuria and evlindruria, are edema, hypertension, retinitis, 
acidosis and uremia. Albuminuria and evlindruria are probably dependent upon 
factors other than general metaboli disturbance and are not to be correlated with 
+] } \ “ell 
accumulation of nitrogenous metabolites in the blood. Water excretion, how 


lh and in those cases where so-called fixation of urinary 


specific gravity appears, the amount of non-protein nitrogen) per 100 ¢.c. ot 
blood mav varv considerably ith the water intake. On the other hand a large 
intake and output of water tends to reduce accumulations of non-protem nitrogen 


in the blood, particularly where this is accompanied by a low protein diet. In 
: ir as blood pressure is concerned It 1s well known that although hypertension 
‘< frequently accompanied by accumulations of non-protein nitrogen this ts not 

wavs the case. In fact a case whic shows such accumulation may, by r eula 
tion of the diet, exhibit a n rmal blood content of non protein nitroven without 
Jterine the level of blood pressure Conversely a Ingh  proteim diet is not 
necessa&ll\ fol owed by an merease 1n blood pressure, 


ave been directed toward the relation between albuminuric 


Few studies 
blood. What data have been accumu 


retinitis and non-protein nitrogen of the 
lated point to an absence of anv such relation. 
‘tis but is an almost constant con 


Acidosis appears in the course of nepnt 
the earlier stages of nephritis, ac 


WiOQsis 1s 


mitant of uremia. Hence, while in 
unusual and nitrogen accumulation in some form or other fairly 
uremia appears the acidosts 1s almost constant and occasional cases appear in 


which accumulation of nitrogen cannot be demonstrated. 


common, when 


It can easily be seen 
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that there is no parallelism between the degree of acidosis and of non-protem 
nitrogen accumulation in any stage of nephritis except in uremia and even in 
that condition wide variations may be found. 

In connection with non-protein nitrogen accumulations the subject of edema 

he dismissed quickly as having no especial bearing, being related rather to 
the regulation of salt balance in the body than directly to nitrogenous met ibolism 

For vears there have been many tests applied to indicate the suaietlasiad 
capacity of the kidney hut at the present time the phthalein test of Rowntree and 
Geraghty seems to be the most satisfactory of the simpler methods. Examina 
tions of the relation of this test to non- protein nitrogen accumulation have been 
numerous on the basis of both clinical and experimental material. Although 
clinically exceptional cases are ov casionally reported, it is the ge meral experience 
that a diminution of phthalein output is accompanied by an increase of non- 
protein nitrogen in the blood and that these alterations are inversely pr portional. 
his rule however is distinctly more constant in experimental animals than in 
human cases. -As to other tests such as the iodide, lactose, water and chloride 
tests, it may be said that the iodide and phthalein tests practically parallel each 
other, the lactose test is still of uncertain value. the chloride test has no direct 
bearing on the nitrogenous metabolism, and the water test when positive depends 
upon insufficient excretion of solids in the urine and as has been mentioned 
earlier is almost certain to be accompanied by accumulation of non-protein nitro 
ven in the blood. It also goes without saying that an inability to excrete added 
urea or creatinin would be followed by at least a temporary accumulation of 
these bodies in the blood. 

That increases of nitrogenous metabolites in the blood are not to be laid 
necessarily to faults of excretion has been pointed out by several workers. Mosen- 
thal says:—‘In the interpretation of an increased non-protein nitrogen of the 
blood in nephritis four factors are to he considered-—(1) retention of nitrogen 
by an insufficient kidney ; (2) inspissation of the blood due to loss of water; (3) 
increase of protein catabolism: (4) the chemical combination in which non-pro- 


tein nitrogen exists in the blood.” There call be little doubt however that the 


first of these factors is the most important, at least -gmagmer a yet the other 
factors, particularly the third, must not he overlooked in a rational consideration 
of the subject. This view expresses a gener il sense af dissatisfaction that has 


followed the widespread use of blood ex uninations in nephritis and is the nature il 
reaction against a tendency to lay too much stress in diagnosis and prognosis on 
the results of blood analysis. In the same light may he considered the work of 
Ambard and his associates and the subsequent studies of Mclean and Selling 
and of McLean. On the basis of the hypobromite method for the determination 
of urea in the blood and in the urine Ambard and Weill and cert tin other French 
investigators found that the rate of excretion or urea follows such definite laws 
that a very precise formula gave as its resultant figure a constant or coefficient. 
McLean, using the more accurate methods devised by Folin and others, has con- 
firmed Ambard’s observations and shows that although the concentration of 
total non-protein nitrogen and of urea in norm i human blood is not constant but 
varies within wide limits according to diet, fluid ingested, etc., yet Ambard’s 


coefficient, when computed on the basis of the methods indicated above varies in 


Medi ne 
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normal individuals only between « paratively narrow limits and may be re 
irded as constant. Melean has applied th method with the same general re 
ts in regard to chlorides and by the introduction of a slide rule has simplified 
however, have not met with such good results 


Li« 


the calculations. Certain workers, 


has Mclean, and Addis and Wanatabe have 


published a serious criticism 


of Ambard’s laws of urea excretion. his attacks the accuracy of the funda 
mental observations and further publications from these writers will be awaited 


vith great interest. In the meantime 1 would appear that the Mclean index 
Ambard coefficient regarded as unity) serves as a som what more accurate 
method of expressing the ability o1 inability of the kidney to excrete urea anid 
lorides than does the estimation ot these products in the blood only. 

t to failure of the kidney to excrete nitrogenous metabolites 1t must 


bly early stages, of human nephritis 


be recognized that in certain stages, presumab 
and in the earlier stages of experimental nephritis, notably that produced by 


nitrogenous metabolites or “supel 


| excretion ol 
mav appear. In this condition thi total non-protein nitrogen of 


tly reduced Comment on this phenomenon Is neces 


sarily bric f because the number of cases studied is small. 


t mav be said that accumulation ¢ f nitrogenous metabolites m 


In summary 1 


blood is a common condition in nephritis and that this accumulation 1s shared 


the 

bv the various metabolites im soll vhat different degree; that whereas in cer 
tain cases those metabolites vhich are excreted with difficulty show earlier ac 


those secreted with ease show later accumulation, vet the well 


r accumulations of urea than of any other 


cumulation and 
considerably greatet 


marked cases show 
part of the non-protem nitrogenous material. The accumulation ts in a general 
way in keeping with other modes of estimating renal sufficiency and with the 
eneral condition of the patient, and usually increases as uremia develops. Early 
ases may show normal blood and occasional cases of superpermeability may 


non-protein nitrogen. ‘There is. however, nothing 1m 


show decreases 1n the total 
tically in the chemical examination of the 


fallible either diagnostically or prognos 


blood. for wide variations of all kinds may be found. On the other hand a con 


sideration of all the features of a case, Its general condition, its water and food 
of the case clinically, the 


intake, its excretions other than urine, the progress 
ne Fc 


1 ielded by other clinical and chemical tests, when added to t 


sults of blood examinations furnish the basis tor a balanced judgment of the 


to make the diagnosis accurate, 


informat} 
case and serv the prognosis correct and the 
treatment rational. 
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LABORATORY METHODS 


\ NEW CONTAINER FOR PATHOLOGICAL SPECIMENS 


By INELLNER, NEN HAVEN, CoN 


WING to the tact that it is ditheult to obtain an oil-tight closure in the 
() rdinary glass museum jars Tor the preservation Of spe imens prepar d 
{ Pick-NWatserling method, | have found an excellent cubstitute for then 
nossesses several distinct idyvantages. ‘The new co! tainers, made of sheet 
Naloid. are very light, and can be constru ted in any «ke sired size: They are 
adapted part eularly for small ind medium size specimen Very large sp Cl 
Hens, on account of the weight, do not lend themselves so vell to permane 


Adenoma of Thyror 


Muli iple 
De generat tor 


oreservation in these contamers. The latter, moreover, are cheaper and do not 
break. An idea of the form of these containers can be obtained trom the ac 
companying photographs. Figs. 1 and 2 not only show the form of the celluloid 
preserving jar, but also the clarity with which the specimens can be demonstrated. 

The containers are very simple to n ake and for this purpose clear sheet 
celluloid one-thirty-second of an inch thick is used for the front and back, and 
a similar material one-sixteenth of an inch thick for the sides. They are manu 


factured as follows: The sheet celluloid is cut in the required sizes by means 


~ 
A- 
Fe Pena? 
x 
= z 
4 
Fig. 1 
} tory le "m1 sity 
| vy, Ya versit 


i]s ri ad ( ( Ved 

i p tograp prin cuttel ea nt ind one jacent sick piece a 
ealed w 1 ten per cent solution celluloid in acetone and pressed togethet 
Same proce repeated on the Oppostil sic The back Is then sealed to 
the two side pieces in a similar manner. The bottom and top segments are cut 
o fit the inside measurements of the container. The inner edge of the box 
receives a coating of the binding solution and the bottom piece 1s pushed into the 


end \ll of the joints are now protected by an extra coating of the celluloid 


Multiple Diverticulage #565 
Of Sigmerd, 


solution and the container is ready for the specimen. I have found it ¢ nvenient 


often to make frames or supports of small strips of celluloid to hold the speci- 
men suspended in the solution to which it may be attached by means of a silk 
The strips may be fixed to the side by a small amount of the celluloid 
The container is now 


thread 
solution, thus fixing the specimen in any desired position. 
g fluid and the top pushed in, after the up- 


filled with the Russian oil preserving 
per edge has been moistened with the celluloid solution. Should there be any 


San 
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small amount of the 


leaks. it is only necessary to wipe awa) the oil and put on a 


solution, in order to render it oil tight Che sides of the container art 
and the typewritten label attached 


binding 


now painted vith a quick drying Jap-a lac 
n the front. 

While there is a faint yellowish tinge to the celluloid, 
This fact can be seen by a study 


the specimens are 
en more distinctly than in the glass jars. 


Specimens mounted this wav have been dropped on the 


of the photographs 
Thev likewise can be passed around for the inspection 


without breaking. 
he ordinary museum jars. It 


ease and safety than t 


of a class with much greater 


has been thought that other laboratories might find this method of preservation 


f pathological material for demonstration purposes more nvenient than the 


flass jars. as we have done. 


A SIMPLE METHOD OF CONCENTRATING TUBERCLE BACILLE IN 
SPUTUM AND URINE 


Krauss, M.D., Anp J. S. Fremine, M.D., 


i>? 


Memputis, TENN 


FOR SPUTUM. 


pr ACE 5 c.c. sputum in a 15 c.c. centrifuge tube, add 5 c.c. of a 10 per cent 
sodium chloride solution and shake in a shaking machine, or by hand if 
+ is a thin homogenous fluid as free from clumps as pos- 


none available, until 
sible. Add 0.5 ¢.c. of gasoline and repeat shaking process until the gasoline 1s 


thoroughly emulsified. Centrifuge at a low 


supernatant liquid immediately beneath 


rate of speed until the gasoline forms 

a which is a scummy layer in which 

tubercle bacilli will be found, if present in original specimen 
FOR URINE. 

Place 10 c.c. urine in 15 c.c. centrifuge tube and centrifuge three minutes 

pid rate of speed. Pour off supernatant fluid. ‘To the sediment add 10 


at a rapia 
f original urine and 1 gram of sodium chloride. Shake thoroughly or until 


the sodium chloride is dissolved, and add 0.5 c.c. of gasoline. Shake again for 
ut five minutes, then centrifuge slowly. The scum beneath the gasoline con 
tains tubercle bacilli, if present. 

The use of gasoline embodies the same principle as would the use of ligroin. 
It gives good results, 1s cheaper and has proved much more satisfactory to us 
than the antiformin-chloroform method. 

Often instead of using a centrifuge tube, a large size, narrow neck Bab- 
cock milk bottle is preferable, in that it affords greater concentration of the 
scum containing tubercle bacilli. 

\ trace of egg albumen to slide surface before making smear secures better 


fixation. 
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EDITORIALS 


Pharmacological Reactions and Lesions in Nerve Tissues 


\ \ Kocher is taken up ane in old oble 
4 ount k, and a very much great mount of spect 
expended is INocher s rk deals wi stologi 
or ed in nerve tig rving in degrees up to complete « 
\ series fifteen complete experiments were performed the animals 
ised being dog pigeons, sparrows, frogs and rats. Every experiment was 
iretully controlled by a resting an of the same species, of the same ap 
\ e age and size, and the material from the two was given identical treat 
nent, EXce or the activity ‘he nerve cells studied were from the cruciate 
gyrus, from the cerebellum and the anterior horn of the spinal cord, and from 
the dorsal gang! In on the experiments over 3,500 nerve cells, classified 
» 1 teen tvp Ct rding to the histologi characte rs, were counted to de 
termine e relative frequency of characteristics which might be correlated with 
grades of activit' (ne feature of Kocher’s investigation involved the making 
fa large series of camera lucida drawings under carefully controlled conditions 
hese drawings were used to measure and compute the area of over a thousand 
ei by means of the polar planimeter. This work was carried out 


Vou. | No. 12 


re and with full and deliberate consideration of the work 


apparently with great ca 
of previous investigators in this field, including Hodge*®, Niss! Mann’, Dol 
Lugaro*, Crile’, Verworn™, etc. Certain obscuring teatures involved in 


carrying out a piece of work ot this kind are specially emphasized by INocher. 
These include, (1) the difficulty of separating the effects of normal activity 

ine the animal 
killing the animal! 
w soon as the heart STOPS heatins re (2) 


from unavoidable shock or injury to the nervous system In 


(the nervous system does not “dt 
postmortem changes ensuing between the time of death and complete penetration 
of the tissue by the fixing agent, owing to the action of autolytic enzymes present 
all tissue; (3) varying chen ical action of fixing agents; for example, for 
maldehvde coagulates protein by combination with the animo acid groups, alco- 
f salts, ete.; (4) the solvent action 


hol by dehydration, sublimate by forn ation oO 
for example, alcohol, xylene, 


| in fixation and in embedding ; 
dyes used 


of materials uses 
paraffin; (5) varying effects of chemical reaction between basic or acid 
in staining and the different cell structures, and (6) effect of subjecting tissue 
(122 to 129.2 F.) in the paraffin oven for 


} 


to temperature of from 50° to 54 C. 
work leads him to draw the following 1m 


a period ot several hours. WKocher’s 
he found no constant difference 


portant conclusions : There could 
nuclei resulting from activity. An apparent difference in 


in the size 


of the nerve cells or 


counting a small 
hy a similar variation on the 


size Which appeared here and there on number of cells was 
shown on enlarging the series to be counterbalanced 
Hence it must be concluded that any difference in the 


Furthermore, in no ex 


part of the controls ize 
the limits of normal variation. 


of cells found was within 
periment did the histologic structure of the nerve cell following activity, even to 
the point of ¢ xhaustion, show any constant deviation from that of the correspond 


Ing resting cells oi the controls 


The striking contrast between these observations and the views on which 


tl greal bulk of the present 


he g day literature along these lines has been built up 
must command immediate attention. For the problems involved here are much 
wider than those which concern only fatigue, shock, etc., in the ordinary sig- 


From a strictly physiol ical standpoint one would, of 


nificance of those terms. log] 
course, scarcely consider fatigue, exhaustion, etc., from the standpoint of the 
system alone. For, perhaps, in all forms of activity in which 
changes in the central nervous system or dorsal ganglia sufficient to be detected 


there will also be involved extensive action of 


central nervous 


histologically might be produced, 
peripheral nervous structures And these outlying structures are entitled to 
For, 


I 

due consideration. Kocher’s work 1s of special interest in this connection, 
if according to these newer observations, structural changes cannot be detected 
“7 the motor cortex or anterior horn cells, then 1s 1 possible to observe any his- 
tological variation in such structures as the sympathetic ganglia or the endings 
of motor nerves in striated muscle? Experimentally it is not rare for an animal 
manifest symptoms and reactions quite similar indeed to those pre- 


in shock to 
which the brain has been destroyed or from which 


sented by another animal in 
the head may have been entirely removed. 

There are a large number of drugs whose actions are concerned with the 
nervous system, either centrally or peripherally, or both. Among these may be 


mentioned the alcoholic beverages, opium and its derivations, cocaine and its 


()) | 


, cannabis indica, the hypnotics, ete., whose actions are usually 
entral under ordinary conditions. Caftteie, perhaps atrophine, strych 
ne, picrotoxine, ete., might be placed in a slightly different category, and al 
lead, arsenic, phosphorus, mercury, ete., often show an especial athnity tor 
e periph ( The drugs which act on peripheral nerve endings (myo 
iral Junctions, receptors, receptive substance, ete.) are very numerous lt 
act there is scarcely a single element in the whole nervous system which may not 
acted on in a fairly direct manner by some drug. Possibly this is true also 
a general way for the toxins produced in various infectious diseases. This 
s, however, unfortunately very obscure. The element of time must be duly 


nsidered in the production of many of these drug reactions, for example, an 
alcoholic neuritis or a lead wrist drop may not be produced in a few minutes 
While the conditions involved in drug reactions are, perhaps, of a some 


hat different nature from those concerned in Kocher’s experiments, vet a great 
leal of work has been done along similar lines by the use of drugs, especially s 


tr 


ir as concerns the action of alcohol on the cells of the central nervous systen 


\nd presumably, for corresponding periods of time during which tatigue ex 
ercises or the action of the alcohol continued, we would be inclined to expect 


somewhat comparable results to be produced in the histological appearance of 


I 
cells of the brain and cord. This, of course, does not necessarily follow, but 
( of these recent observations it would be desirable for more work along 
these lines to be carried on with the use of drugs. 
Experimentally it is often easily possible to demonstrate very extensive 


nges produced in nervous structures even by exceedingly small amounts of 


some substances. The methods for demonstrating these changes, however, have 
not generally been along histological lines. But perhaps this ts only a relative 


matter for such a lesion as a curare paralysis’! of a motor nerve ending while 
easily demonstrable in a few moments by electrical stimulation of the nerve trunk 
might after a sufficient lapse of time during which the drug was allowed to act 
tinuously be very well demonstrated histologically. A peculiar interest at 
taches at present to observations along these lines for the very large number of 
patients with nerve lesions, both central and peripheral, which must now and for 
1 long time to come occupy the attention of many physicians, is a matter of the 
ereatest concern. And since much of the older work regarding the electrical 


diagnosis and treatment of nerve lesions, especially peripheral paralyses, is now 


rapidly being shown to be useless or worse, new observations are more than 
velcome. The older ideas implied by such terms as “faradic response” and 
“reaction of degeneration” are now recognized to be based on erroneous observa- 
tions and even the terms themselves should be dropped from the literature! 

For the electrical response of a muscle whose motor nerve has been severed ts a 
relative matter depending quite as much on the character, duration and fre 
quency of the electrical impulses used in stimulating as it does on the charac 
ter and extent of the degeneration which the nervous elements may have reached. 
Langley and Kato™ have recently made interesting observations along these lines, 
noting among other things that muscles from about the fourth day after section 
of their nerves are in a state of continuous fibrillation—i.e., the separate muscle 


fibers contract rhythmically, but with different rhythms; the muscles present a 
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shimmering appearance when viewed by light reflected from their surface. The 
contractions cause no movement of the muscle as a whole and are easily over 


looked; possibly they could be shown in man by the use of the string galvano- 


mete! As each fiber contracts many times a minute the total expenditure of 
energy in the day must be considerable, and Langley" concludes that it 1s “rea- 
sonable to suppose that this continued activity of the muscle fibers must cause 


tigue, and that the atrophy of muscle may be due to too great rather than too 


functional activity.” Whether or not it is possible to produce reactions 


fa 
little 
corresponding to these by the use of paralyzing drugs, or to detect such lesions 


n the early stages by histological methods remains for future investigation. 
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The Nerve Control of the Thyroids and its Relationship 
to Adrenal Activity 
B’ clinical and pathological studies it 1s often possible to show that disease 


fone organ is accompanied or followed by secondary changes in another 


organ, thus indicating that some intimate association may exist between the two 


in the normal functioning of the organism. Sometimes, however, claims that 


such association exists are supported only by evidence of a very circumstantial 
nature. as has been the case in the so-called polyglandular hypothesis concerning 
the cause of diabetes, according to which it is supposed that the pancreas, the 
adrenals, the thyroids, and the parathyroids have a special mutual relationship 
‘1 connection with the utilization of carbohydrates in the animal body. Such 
speculative hypotheses, although they very frequently fall to pieces when thor- 
oughly put to the test by other investigators, often serve to arouse interest in 
new possibilities and to stimulate investigation along new lines. Recently sev- 
eral important contributions having a very direct bearing on the conditions of 
activity in the endocrine organs or ductless glands have been made by Cannon 
and McKeen Cattell’ and by Stewart, Rogoff, and Gibson.* 

Cannon and Cattell have utilized the current of action which accompanies 
glandular activity to show that the thyroid gland becomes active: (1) when its 
sympathetic, but not its cerebral nerve supply is stimulated; (2) when adrenin 


is present in excess in the blood: and (3) when the adrenal gland is rendered 


/ rare O l boratory aia Cl } I “al Ved 
Vperactive stimulation of its nerve supply Through the 
nerve This action current was detected by connecting the gland and the neigh- 


to a compensated galvanometer by means 


bl npol ble electrodes. That such a current is a reliable indication 


tory activity was demonstrated by comparing the secretion of a typical 


secreting gland (i.e., one with an external secretion), namely, the submaxillary, 


with the occurrence of the action current. In confirmation of previous work it 


was a very easy matter in this case to show that secretion produced by stimula 
tion of the cerebral and sympathetic nerves of the gland was accompanied by 


i 
a detinite electrical chang But this fact, taken alone, might depend, not on 


the activity of the gland cells themselves, but on changes in blood supply or con 


traction of arterial muscle or movement of fluid along the ducts; all of which 
changes accompany the activity That the action current is a manifestation solely 


the secretory process was shown by the following facts: (1) the current was 


still set up when the blood supply of the gland was cut off or the flow of seere 
n through the ducts was stopped; (2) it was absent when there was no secre 


ther conditions attendant on secretion was induced. 


ion, but eae h of the othe 

The conclusion that the thyroids are innervated through their sympathetic 
nerve supply does not however depend alone on the evidence supplied by the ob 
servations of Cannon and Cattell on the action current. Evidence has also been 


contributed by the discoveries of morphologists of nerve fibers proceeding to the 


thyroid from the cervical sympathetic ganglia, and of the existence of non 


medullated fibers reaching to the cells of the thyroid glands. Furthermore, tt 
has been observed that severance of these svinpathetic nerves, but not of the 


nerve supply derived from the vagus, causes atrophy of the thyroid, whereas their 


timulation produces a diminution in the 1odine content of the gland. 
s 


The indifference of the gland to impulses conveyed to it by way of its cere 
bral autonomic nerve supply (vagus) was demonstrated by Canon and Cattell 
by finding that the action current still occurred after severance of the superior 
and recurrent laryngeal nerves through which such vagus fibers would run, but 
on the other hand it was not observed when the vagus was excited either by 
applying electrical stimulation to its main trunk or by injecting the alkaloid pilo- 
carpine, which, it will be remembered, is a specific excitant of cerebral but not of 
sympathetic autonomic endings. 


Convincing as these experiments would appear to be, some doubt has been 


expressed as to whether they justify the conclusion that the nerves are really 
secretory in function, or whether the secretory effects produced by their stimula- 


lepend on curtailment of blood supply on account of the vaso 


tion may not 
constrictor fibers also contained in the nerves. The validity of this criticism is 
further supported by the discovery of Watts and Carlson that anemia of one lobe 

the iodine content of that lobe. Cannon and Cattell refute 


that complete anemia of the gland produced by 


of the thyroid lessens 
this evidence by showing, first, 
clamping the carotids causes no thyroid actien current, and, secondly, that adrenin 
injected in such amount as to cause, not constriction, but dilatation of blood ves- 


sels does produce the current. It may be pointed out here that the first of these 


experiments cannot be considered as convincing, because the anemia must have 


: boring connective tissue or the trache:, iii 
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equally pronounced in the tissues upon which both electro: 
tissue), so that no difference in electri 
To the second poimt may he raised the objection 


in which adrenin 


been 


potential 


vroid and subcutaneous 


might develop between them. 
«|. in the particular expermnents 
as used. that vasodilatation did actualiv occur, and even if it did, that increased, 


that no evidence 1s furmishe 


to be set up thi 


ood supply might not cause currents 
The possibility also exists that contraction of the muscle fibers 
in the arterial walls might be the cause of the current. That such vaso-constric 


lone current does not necessarily indicate 


the submanillary gland caus 


th thy roid this \i uld be the case. 


OY what moportance the svn pathetic nerve supply t the thvroids may be in 
normal control of these glands, the authors do not commit themselves; but 
y point out that the fact, established ly Manley and Marine, that thyroid tis- 


rows and functions and reacts as the normal gland would do, when it 15 
| te of the body, does not throw doubt on the existence 
r It is pointed out t 


hat the heart 


n the normal gland of spect secretory nerves | 
ind the adrenals still continue to giv service after their denervation, yet No one 
loabte the importance of their no mal control through the neryous system. \l 
ough Manley and Marine’s observations do not therefore mecessaruy disprove 

e specilse thyroid nerves, thes would seem to indicate that the 
tact animal the nerve con ol of the thyroid cannot concern other than some 
prompt and pr bably transient activity demanded by acute, and perhaps quite 
metabolic functions has 


‘ons. The influence of thi gland on the 


heen shown to depend on nerve supply. 
t seems to the present writer that the bril 
liant work of Cannon and Catt I] does definitely show that some sort of phy S10 
Sthe thyroid gland when tts svn pathetic nerve supply 
excited. but as to the importance of this method of control in the normal func 
tioning of the gland, nothing is as vet detinitely established. 
Put the above investigators do not leave the problem at this point, for they 
show up at least one of the conditions under which the thyroid may be caused 
to develop an action current by changes occurring 1 other parts of the animal, 
namely, by hypersecretion of the adrenal glands. The first step in this part of 


has already been stated, was to show 

the thyroid action current. 
sphlanchnic nerves, 10 
effect. But 


that intravenous injections 
It was then found 


the research, as 
of weak solutions of adrenin cause 
the peripheral ends of the cut great 
fibers to the adrenal glands, had the same 
of the adrenal veins was oc 


that stimulation of 
which run secretory nerve 
a cava just above the entrance 


if the inferior ven 
was thereby prevented from get- 


cluded and the blood, surcharged with adrenin, 
ting to the thyr nd, no electrical 
Similar splanchnic stimulation 


response was observed until the pent up blood 


was released. ‘nan animal from which the ad- 
renal glands had been remoy ed did not cause 
to justify the claim that an intimate fu 
hyroid glands, but the question 1s 


1 specific one in the sense that 


any thyroid action current, These 
results would therefore seem netional as- 


sociation exists between the adrenal and the t 


not discussed as to whether 
with less adrenal activity than would 


this association is < 
secondarily excite 


it becomes erative 


| 
‘ 
1 
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some at least of the numerous other physiological mechanisms upon which ad 
renin acts t is pointed out. however, that the thvroid action current obtamed 


with solutions of adrenin are considerably weaker, (1-100,000) than those required 
develop similar action currents in other glands or in voluntary muscle. Con 
cerning this last point the recent investigations of Stewart, Rogoff) and Giabson 
an important bearing. In this work the liberation of adrenin from the ad 
renal glands into the blood stream was studied by observing the dilatation of the 
pil which curs on the same side as that from which the superior cervical 
ganglion has been removed, whenever the blood supply to the pupil contains ad 
renin. This pupillary response can be elicited, and after the same latent period, 
either by stimulation of the splanchnic nerves, or by injection of adrenin solu 
tions into the femoral vein, provided always that there is nothing to interfere 
with the free flow of blood from the abdomen to the head. Dilatation was often 
btained with concentrations of adrenin (1-100,000) which were as weak as 
those emploved by Cannon and Cattell, and there can be no doubt that an action 


mpanies movement of the pupil. 
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Basal Metabolism and Disease 
i fies ethciency of the animal machine is subject to the same laws as those 


ich govern any other energy transformer, and can be tested by the same 
methods. In principle, these methods consist in a comparison between the total 
nergy production, on the one hand, and the work performed by the machine, on 
goes 


to produce the particular form of work (e.g., as motion) for which the machine 


the other. Ina machine of high efficiency a great proportion of the energy 


in a machine of low efficiency. In the animal machine the useful forms of energy 
ire muscular movement and heat, and in health these bear a certain proportion 
to each other. In certain diseased conditions, however, the efficiency breaks 
down so that too great a proportion of the energy is liberated as heat. This in- 
crease in heat production may not cause a rise in body temperature, provided 
the mechanism for getting rid of the heat (through the lungs and skin) is in 
perfect working order, but if such is not the case the temperature will rise and 
fever be the result. 

\part from the production of fever, the excessive liberation of heat in the 
animal body may throw a strain on various functions and lead to the develop- 


nt of symptoms which are often of an alarming character. This has been 


was designed, and lesser proportion is uselessly dissipated (e.g., as heat) than 


tals 


shown by E. F. Du Bots to be the ease particularly m exophthalmic gotter, a 


disease in which at has heen known for some time that excessive metabolism 1s 


going on. Du bots examined the heat output and the respiratory metabolism of 
eleven patients suffering) from exoplithalmie goiter ol varying intensity. 


this purpose he used the practically perfect re piration calorimeter recently con- 


structed in the Russell Sage Institute o! Pathology in New York, and in which 


1 


a patient, either m bed or sitting up, can be kept without any discomfort for 
several hours. It was found that m severe case of exophthalmic goiter the energy 


output was increased by 75 per cent or more ovel the normal average; in the less 


severe cases the ierease was frequently found to be 50 per cent. In this disease 
energy Is therefore being liberated im excessive amount as heat and, as in any 
other machine, the animal mechanism suffers and after a time begins to break 


down. In the goiter patient the sensation of unusual warmth, the hot skin, the 


perspiration, are mM themselves evidence enough that excessive amounts of heat 
have to be got rid of in order to preven hyperpyrexia. Similar skin reactions are 
also produced im normal individuals by increasing the metabolism, as during mus- 
cular exercise, but in hyperthyroidism the persistence with which the heat goes 
on being produced attects other functions, such as the heart, producing tachy- 


cardia and enlargement, the brain, causing 


and the general nutritive conditions, leading to emaciation, ete. “It is possible,” 


so writes Du Bois, “that if we were able to 


the well-known mental symptoms, 


stimulate the metabolism of normal 
men for twenty-four hours a day over a period of months or years, we could 
reproduce all the symptoms of exophthalmic goiter.” 

\Vith so excessive a combustion tt might be imagined that the body furnaces 
were perhaps not burning properly ; in other words, that the intermediary meta- 


holism was not proceeding along the usual lines, but was of such a nature that 


more readily utilized than others. The low carbohydrate 


some foodstuffs were 
might be accounted for by such a 


tolerance, So commonly noted in these cases, 


one-sided metabolism. Though excessive, the metabolic processes were, how- 


ever, found to be perfectly normal in type, for there was almost perfect cor- 
respondence between the energy-production as computed from the amount of 
foodstufts actualiy metabolized (indirect calorimetry) and that which was directly 
measured in the calorimeter (direct calorimetry). “This and the absence of 


CO, (expired) | 
abnormal respiratory quotients Saceeten shows that the law of the con- 
| O (inspired) | 


good in exophthalmic goiter,” just as it does in health. 


servation of energy holds 
f the effect of treatment, it was found that 


Using heat production as an index oO 
mental and physical rest causes as great a reduction as any other conservative 
form of treatment. 

In cretinism, where hypo- instead of hyperthyroidism is believed to exist, the 
energy output per square meter of surface was found to be about 20 per cent 
below the adult value, but it became immediately raised on the administration of 
thyroid extract. - 

Du Bois and his collaborators have made similar studies of heat-output and 


the respiratory exchange in cases of pernicious anemia, cardio-renal disease, and 


diabetes. In severe pernicious anemia. the most noteworthy feature was an 


>] 
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increase in the demand for oxygen; in eardio-renal disease, contrary to the con- 


clusions of certain other workers, no profound change in metabolism, either 
qualitative or quantitative, was found to exist. Three severe and three more 
chronic cases of diabetes were examined, particularly with regard to the effects 
of the “oatmeal” and “starvation” cures. No spectal influence of oatmeal, cither 
vith regard to its supposed beneficial action on the disease or with regard its 
utilization, could be made out. Even in the severest cases it was found that tie 


active symptoms can be eliminated by prolonged fasting, and that the power be 


pr tein and 


comes reacquired “of oxidizing sugar first from their own 
a carefully regulated diet.” In such 


later from the protein and carbohydrate 
cases no evidence could be obtained, either from the sugar excretion or from the 
respiratory exchange, that sugar can be formed from fat. The basal metabolism, 
calculated for surface area, was not found to be definitely increased over the 
normal, a finding which is contrary to that of previous investigator It is pointed 
out, however, that “the level of metabolism in diabetes is the resultant of a num 
her ot forces.” some of which, such as the increased metabolism of protein, tend 
to make it rise, whilst others, such an undernutrition and muscular relaxation, 
tend to make it fall. Mild exercise was found to raise the respiratory quotient 


somewhat in a severe diabetic, thus suggesting the possibility that exercise may 
carbohydrate utilization. 
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Gastric Ulcers 


a has been assumed that gastric ulcers are fundamentally the result of lo 
calized disturbances of nutrition in the stomach wall, which make it posst 
ble for the acid gastric juice to digest away the damaged tissue and so produce 
typical terraced, somewhat crater-shaped, reactionless lesion. The 
following this assumption, would be vascular 


the most 
frequently encountered lesions, 
ones, and vascular lesions, especially arteriosclerotic ones, are, other things be- 
ing equal, bland, and not infectious. For instance, arteriosclerosis leading to 
limitation of the tlood supply to a certain area may so reduce the vital resist- 
ance of the tissue that it can be attacked by the gastric ferments. If this be 
true, then it may also follow that sudden occlusion of the vessels by thrombi or 
by emboli produce similar lesions but ones more acute in progress. The main 
difference would be that in the one case the lesion would be produced slowly, 
while in the other, it would appear rapidly. In this latter case, the process 1s 
essentially infarction. Just as these spontaneous, so to speak, processes may 


so also will similar processes caused by purely artificial means, 


produce ulcers, 
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lead to the same results. Injections of adrenalin into the gastric vessels have 
heen productive in this regar 1, and injection of formalin into arteries and veins 
may, under the proper conditions, cause endarteritis and endophlebitis and, later, 
ulcer formation. Mere stasis produced from the venous side, especially when it 
is complicated with hemorrhages into the mucosa also may lead to gastric ul- 
ceration. If these lesions are the result of deficient nutrition, then it might be 
suspected that qualitative, as well as quantitative, variation in the blood might 
be effective, a suggestion that is supported by the appearance of gastric ulcers 
in chlorosis. 

seside these purely endogenous hematogenic features, trauma has been 
suspected of playing a part, though how important one has not been able to de- 
cide,’ and also infection.* 

The infectious point of view (in more senses than one) has been developed 
largely by Rosenow.* The part played by trauma has recently been noted by 


Steinharter. Rosenow’s work was done with anhemolytic streptococe: which he 


was able to isolate from 96 per cent of a series of gastric ulcers removed from 


human beings at operation. Recently isolated cultures were injected intrave- 


nously in animals and in 60 per cent of these gastric ulcers were found. Ina 
few animals which were allowed to live for a considerable time after their in- 
oculation, chronic ulcers were found at autopsy. From these results Rosenow 


has reached certain conclusions which have been summarized as follows: 


1. Anhemolytic streptococci can be recovered by a special technic from 
practically all gastric uleers removed at operation. 
2. The streptococei from this source possess a special afhnity for the stom- 
ach which enables them to localize in this organ, when recently isolated cultures 
are injected intravenously into animals. 
3. About 60 per cent of the animals inoculated in this manner develop 
gastric ulcers. 
4. Streptococci can be recovered from these experimental ulcers and can 
be demonstrated histologically. They reach their locations by the blood stream 
and are deposited in the capillaries of the gastric mucosa. 
5. These streptococci: are identical with those inoculated. 
6. Anhemolytic streptococci are, therefore, the cause of gastric ulcers in 
man, and these organisms reach the stomach by an hematogenous route. 
Recently Celler and Thalhimer* have reported their experiments on the pro- 
duction and bacteriology of gastric ulcers with the result that they are not able 
to convince themselves that anhemolytic streptococci have been proved to be the 
factor “which either initiates the ulceration or prevents healing.” They are 
only able to say that the presence of streptococci of this type of lesion is sugges- 
tive. 
Somewhat the same state of mind exists in many laboratory workers with 
this modification :—it seems entirely possible that gastric ulcers may be caused 
by anhemolytic but other organisms may be able to produce similar lesions. 
Moreover there is some evidence that bacteria of whatever type may lodge in the 


stomach wall after some other influence has prepared the field. Such influences 
may be traumatic or nutritive. 


| ie 
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In 1913, Steinharter,” working in the Pathologic Institute of the Cincinnati 
General Hospital, made a preliminary note on the production of gastric ulcers 
by intravenous injections of Lb. coli. His results were temporarily suggestive, 
but not conclusive. No doubt he produced erosions of the mucous membrane 
but not typical ulcers. Later, his attention was attracted to the staphylococci 
with which he has worked during the past many months. With these organisms 
he has been successful, not only in producing gastric ulcers at will, but also in 
producing practically all the other lesions observed by Rosenow after strep- 
tococci injections. In order to produce gastric ulcers he found however that 
certain things were necessary; one of these was that the organism must be cul- 
tivated in the stomach wall. The other was that to obtain growth in the stomach 
wall,—in order to make the conditions for growth in the stomach wall satisfac- 
tory for the organism,—trauma was necessary. The trauma he produced with 
acetic acid in such dilution that the trauma alone caused no subsequent gross le- 
sion. If, in such a traumatically affected site, he implanted staphylococci, an ul- 
cer appeared. Without the organisms no ulcer developed. The organisms cul- 
tivated for such lesions, and then injected into other animals, produced ulcers 
in a very large proportion of the cases. Future reports by Steinharter will deal 
with experimental appendicitis, myocarditis, arthritis, myositis and cholecystitis, 
caused by staphylococci. 

The important thing in all this work, a point which most writers have per- 
haps overlooked, is that streptococci or staphylococei show no original prefer- 
ence for the stomach, and that therefore if they are the essential factor in the pro- 
duction of a gastric ulcer, that result is fortuitous. \What one may do with an 
organism cultivated from a tissue is scientifically interesting but not of great 
practical importance, except in recurrent disease. In the case of tonsillitis it is 
of importance because in such a case the tendency is for organisms from one 
case of tonsillitis to produce other cases. But the streptococci from a_ tonsil, 
given access to the blood stream, have no tendency to produce gastric ulcers 
rather than any other lesion, and the qualities developed by organisms within 
the stomach wall have very little, if any, importance as regards other stomachs. 
Also the localization of a relative avirulent organism in an organ or tissue of the 
body probably depends upon “lowered resistance,” whatever that may be, and 
in lowering of resistance trauma and abnormal nutritive conditions are essential. 

Taking it all in all at the present time, the indications seem to be that the 
localization of bacteria beyond primary foci of infection in the body are more or 
less fortuitous, and that organisms can be taught to prefer a certain organ tissue 
of the body. In the case of the stomach, streptococci and staphylococci have 


been taught to prefer that organ, and, in them, to produce typical ulcers. 
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Edema of the Lungs 
HE lungs obtain their arterial blood supply by the bronchial arteries which 
are branches of the thoracic aorta. The pulmonary supply is essentially 
venous in character and the pulmonary arteries are merely the means by which 
polluted blood is carried to the lungs for rejuvenation by removal of carbon di- 
oxide, and addition of oxygen. ‘These are facts which are not as a rule con- 
sidered in studies upon edema of the lungs. 

In most articles bearing upon pulmonary edema of the obstructive type, 
the factor of the blood pressure in the lungs is accepted as the prime one, and 
the most prominently accepted therapy is that such an edema appears when there 
is a disproportion between the work of the right and left ventricles. Welch’s 
work was pioneer in this field.1. He showed that by crushing the left ventricle 
(in rabbits) he produced a paralysis of that chamber, while the right ventricle 
still remained in undiminished action. If the arterial pressure was so low that 
the right ventricle was sufficiently strong to drive the blood through the left side 
of the heart, edema did not occur. When, however, the right auricle was not 
able to overcome the resistance, edema occurred, unless the right ventricle was 
too weak to produce a high pressure. Lowit produced edema of the lungs by 
raising the pulmonary arterial pressure, and concluded that obstructive pulmonary 
edema was due to resistance to exit of blood from the lungs together with in- 
creased blood flow to the lungs. Matsuoka, working on beri-beri, came to the 
conclusion that the pulmonary edema in that disease is due to weakening of the 
left ventricle associated with hypertrophy of the right ventricle, the two factors 
producing the combination which Lowit believed necessary. In a recent article 
detailing his researches on this problem Matsuoka? says “the general outcome 
of the work hitherto done seems to be as follows. Paralysis or weakening of 
the left ventricle is the principal cause, but is probably not the only factor, for 
it is necessary to take into account the state of the vessel walls in the lungs; and 
in certain cases, especially in nephritic or cachectic condition, this constitutes, 
in Sahli’s view, the chief determining cause. 

Matsuoka did his work with the Starling isolated heart-lung preparations, 
and concludes that obstructive edema takes place when certain limits of com- 
bined arterial pressure and venous outflow are exceeded. This corroborates 
Cohnheim and Welch. But most important are the other collateral facts ad- 
duced in this research. Matsuoka says that “gaseous metabolism and energy 
consumption of the heart are decreased in obstructive edema of the lung. Com- 
plete stoppage of the heart rapidly takes place as the maximum metabolism of the 
organ is, because of its decreased rate of action, insufficient to provide the nec- 
essary energy for its contractions. When in man this final danger is threatened 
* * the diseased lungs should be supplicd with the oxygen necessary 
for the blood.” 

This work and all other previous work is exceedingly interesting because it 
calls attention to the fact that the primary factor in the causation of edema of 
the lungs is stasis in the pulmonary vessels. This factor however is not the es- 


sential one in the production of the edema. Edema of any tissue is the result 
of water absorption by the cells and intercellular substances and cannot be brought 
about by any reasonable pressure. It is, so far as is known now, lack of oxygen 
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which is the fundamental causative factor in edema of any sort, and lack of 
oxygen can be expressed in terms of acidgsis. 

looking at edema of the lungs as an expression of pulmonary acidosis in 
this sense, one may say that it may arise whenever the arterial supply of the 
pulmonary tissue is decreased beyond a certain minimum, Such a decrease may 
be brought about by pressure within the lungs, as in passive congestion, or by 
interference with or reduction of, the bronchial arterial blood supply. The usual 
obstructive edema is evidently the result of venous stasis in the lungs. In this 
condition the pulmonary vessels are overfilled with blood and pressure is exerted 
upon the bronchial vessels. This makes for slowing of the true arterial stream 
and this means decreased oxidation, and swelling. Should the stasis persist, 
then less oxygen is absorbed by the blood, and because of this the heart (myo- 
cardium) suffers, and also the arterial blood in the bronchial circulation becomes 
more venous, and so the heart becomes less efficient as a pump, and the blood 
less efficient for preserving the chemical balance of the tissue. More edema 
follows. 

So edema of the lungs is not a mechanical problem, but a physico-chemical 


one, even though the underlying factors are mechanical. 
BIBLIOGRAPHY. 
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The Heart in Pneumonia 


we i is generally believed,” Newburgh and Porter* say, “that the heart muscle 
is seriously injured in pneumonia and that heart failure from this source 
is a frequent cause of death in this infection.” There being, however, some 
reasonable doubt on this point, they have made a series of experiments to dis- 
cover how much truth belonged to the current belief. In one gr up of experi- 
ments they fed the normal ventricle with normal blood. In a second group, 
they fed a ventricle from a pneumonic animal with normal blood. In a third 
group they fed a normal ventricle with pneumonic blood; and in a fourth, a 
pneumonic ventricle was fed with pneumonic blood. In all their experiments 
dogs’ hearts were used. The method of isolating the heart and of preparing 
the animals is described in full. ‘The heart was fed through the left coronary 
artery. Pneumonic hearts were taken from dogs in which pneumonia had been 
caused by intratracheal infection with B. pnewmonic (Friedlander).  Pneu- 
monic blood was also obtained from these animals. In six of ten experiments 
in which the pneumonic heart was fed with normal blood, the dogs were allowed 
to die of the disease to be certain that the infection was a fatal one. 

The outcome of the experiments was that it appears that the cardiac ven- 
tricle from dogs that have died of pneumonia contracts as well as the ventricle 
from healthy dogs, provided the pneumonic muscle is fed with normal blood. 
When a normal ventricle is fed with pneumonic blood, the contractions are 


*Newburgh and Porter: Jour. Exp. Med., 19!5, xxii, p. 123 
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If, however, the ventricle from a dog with pneumonia is fed 


much impaired. 
with pneumonic blood, the contractions are almost normal in extent and may 
In other words, the heart 


be normal in extent and may be normal in duration. 
muscle becomes adapted to whatever change in the composition of the blood 
occurs in pneumonia, at least in that type of pneumonia which is the result of 
infection with Friedlander’s bacillus. Whether the same thing is true for the 
pneumococcus, we do not know. It may also be true that in at least a large 
percentage of pneumonias, one has to deal with a septicemic process in which 
the infecting organisms become lodged in the myocardium and produce changes 
sufficient to bring about myocardial failure. So, after all, the experiments of 
Newburgh and Porter only involve one end of the preblem and are only con- 
clusive under the conditions with which they were surrounded. 


Amyloid 


MYLOID has always been a puzzle to pathologists. It is one of the forms 
organs of the body 


of abnormal hyaline material which appears in the org: 
during the course of chronic diseases, especially those that are the results of 
infections. It has been found most consistently, perhaps, as an accompaniment 
of chronic bone infections, and on that account and also because of its chem- 


ical structure it has been supposed that it is associated as a rule with bone or 


cartilage destruction. Despite the fact that it has been a topic of widespread 
interest, and despite the time that has been expended in researches upon its pro- 
duction, little has been learned of the conditions upon which its appearance de- 
pends. 

In 1853 Virchow first studied amyloid, which he considered a form of an 
imal cellulose because of the blue reaction which was obtained by treating it 
with iodine. It is to this reaction, which starch also gives, that the term amyloid 
is due. Some years later Friedreich and Kekulé, and after them Kuehne and 
Rudneff, showed that amyloid was a protein, and later still, Oddi, and then 
Krawkow, demonstrated that it was a compound of protein and chondroitin 
sulphuric acid, and that therefore it is analogous to nucleoprotein which is a 
compound of protein and nucleic acid. Still, Hanssen and Mayeda have re- 
ported studies upon amyloid in which they were able to discover no chondroitin 
sulphuric acid.' 

Since Frisch in 1877 announced the experimental production of amyloid 
in the cornea, many investigators have made similar announcements, but in 
each case the incidence of the production has been very inconstant. In Frisch’s 
series only 4 of 300 corneas showed amyloid (if indeed it was that substance). 
Czerny reported the production of amyloid after subcutaneous injections of 
turpentine, which caused suppuration. Krawkow used staphylococcus pyogenes 
aureus to produce chronic suppurations in a large series of animals, among 
them, rabbits, dogs, hens, doves, and frogs. In eight of twelve rabbits he pro- 
duced amyloid in various organs. In dogs the results were negative even 


‘For a discussion of Amyloid see Wells: Chemical Pathology, Phila. and London, 1914, 2nd Ed., 


p. 378. 
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after two or three months of suppuration. In pigeons the results were nega- 


tive and the same was true of frogs. The most constant results appeared in 
hens. Nowak obtained more constant results than any other worker except 
Krawkow. 

Recently Bailey? has observed the occurrence of amyloid in the organs of 
animals which he had used not with the object of producing amyloid changes 
The animals (rabbits) had been injected in the ear 


but for another purpose. 
They were treated ev- 


vein with beef extract broth cultures of colon bacillus. 
ery 2-4 days with 1 c.c. of 24-48 hour cultures, though older cultures were oc- 
casionally used. ‘The treatment did not produce suppurative lesions in most 
cases. The results were constant in that amyloid was found in all rabbits, eight 
in number, which were injected over a period of 88 days or more. 

This is the first series of experiments in which the results were completely 
consistent, and they are exceedingly suggestive, and although they do not tell 
us anything about amyloid, they point the way to be followed in completing the 
work. Colon bacilli have been used before in experimental amyloid work with 
negative results (Davidsohn), and Nowak observed amyloid in one hen in- 
jected with sterile filtrate of colon bacillus culture. Nevertheless Bailey was 
unable to get the same results, with other organisms, which he was with coll. 


—P. G. W. 
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“Bailey: Jour. Exper. Med., 1916, xxiii, 7 
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moves the intestinal toxins, that would 
otherwise be absorbed into the blood. 


Stanolind Liquid Paraffin acts on the whole 


« intestinal canal, reaching the rectum intact, 
s differing from a vegetable oil, the larger por- 
a tion of which is digested and absorbed. 
Stamolind Liquid Paraffin is a safe 
and dependable agent for continued 
* internal administration. 
Atrial quantity with informative 
booklet will be sent on request. 
Standard Oil 
tandar 1 
Company 
(Indiana) 
72 W. Adams St. 
Chicago, U.S.A. 
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Fever 


Convincing Clinical Data Prove Value of 


Pollen Vaccine 


URING 1915, Lederle’s Pollen Vac- 
cine was used by over 600 physicians 
for the prophylaxis and treatment of Hay 
Fever. The clinical data submitted to us 
show 83 per cent favorable results from 
Pollen Vaccine as a_ prophylactic 
against Hay Fever, and 89 per cent 
favorable results in the treatment of 
Hay Fever.. Asthmatic symptoms were 
relieved in 84.2 per cent of the cases. 


LEDERLE’S is a combined Pollen Vaccine 
containing pollen from all the common grasses, 
weeds, and flowering plants which are known to 
be important in causing hay-fever in the spring 
and fall. 


Lederle’s Pollen Vaccine is supplied in the following 
packages: 


Complete vaccine treatment, containing doses 1 to 15 in- 
clusive. Price $15.00. 

Series A containing doses 1 to5 only. Price $5.00. 

Series B containing doses 6 to 10 only. Price $5.00. 

Series C containing doses 11 to 15 only. Price $5.00. 


Booklet sent on request 


Lederle Antitoxin Laboratories 
Schieffelin & Co., Distributors 
New York 
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Duboseq Colorimeter 


(Height of Tubes, 5 oS. 


The standard instrument for 
the determination of : total 
nitrogen in urine, Urea in 
urine, etc., according to the 
methods of Dr. Otto Folin. 
The observations are made 
by a monocular telescope 
giving a circular divided field 
which eliminates the errors 
incident to the comparison 


of two separate fields. 
Price $85.00 present supply lest 


We are also in a position to promptly furnish Fume 
Absorbers, Temperature Indicators and the other appara- 
tus for Dr. Folin’s method of determining Total Nitro- 
gen, Urea and Ammonia in urine as described in the 
Journal of Biological Chemistry. 


Price list sent on request 


EIMER & AMEND 


FOUNDED 1851 
Headquarters for Laboratory Supplies 
NEW YORK - - PITTSBURGH 
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Index photographed at the 
beginning for the convenience 
of the microfilm user. 
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